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l*he.tiylhenzi/lmtthyl-a-^royylamvionium Merctiririodide, 

Ph(CIl2Pli)Et2NHgJ3. 

— M. p. 134° (FounJ; Hg = 24'34. C^-Ha^NIjFTglg requires 
Hg^24'36 per cent.). Monoclinic, 6 : c^TlOGO : 1 : 0-7766, 
/3-102°55'. Forms: «(100|, m(U0), c{001}, r{101}, s{221}, 
a;{221}. The common habit is shown by Fig. 19. Following are 
the mean angular values obtained from seven crystals : 


oIlOOl. m{110;. 

Azimuth (<ji) 90° O' *42*‘51' 

Polar distance (p) 90° 0' 90° 0' 


Fio. 18. 



clOOlb r{101b «‘22U. ^{221} 

89°52' 270° O' *47° 4' 321°45' 

I2°36' 26°45' 66°19' 63* 1' 


Fio. 19. 



PhcnyWcnzylmediylpropyl. 
ammonium mcrcuri-iodiiir. 


Cleavage: ct{100}. The optic axial plane is perpendicular to 
the plane of symmetry, and an optic axis is visible through m(110}. 

Trans.: 100/010/002. Complex-symbol, (id} + 13)64^( -t- 2). 

Our thanks are due to the Research Fund Committee of the 
Chemical Society and to the Scientific and Industrial Research 
Department for grants in aid of this work, and also to Professor 
H. L. Bowman, Mr. J. E. Marsh, and Professor W. H. Perkin for 
much help and advice. 

Mineralooical Department, 

University Museum, Oxtord. 

[BeC'dvcd, Sepletnber Hth, 1920.] 
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CXLIL— jSfwdies on Hypophosphorous Acid. Part II. 
Its Reaction with Iodine, 

By Alec Duncan Mitchell. 

In €stuna.ting hypophosphorous acid by means of mercuric chloride 
according to the method given by Treadwell (“Quantitative 
Analysis,” p. 289), it was found that the oxidation proceedeil 
readily to phosphorous acid, hut relatively slowly to phosphoric 
acid. It was therefore decided to investigate the progress of the 
reaction, and certain facts were noted in the first stage — the 
o.xidation to phosphorous acid — which are, briefly ; 

(1) The concentration of mercuric chloride appeared to have no 
influence on the reaction velocity except when very dilute. 

(2) The reaction was accelerated by the addition of hydrochloric 
acid. 

(3) It was therefore auto-catalytic, owing to the hydrochloric 
acid produced. 

(4) The initial velocity wa.s appro.ximately proportional to the 
product of the eoncentrations of the hydrogen ions and the hypo- 
phosphorous acid. 

From these facts, it was concluded that the oxidation to 
idiospliorous acid involved two successive reactions; the first, of 
measurable velocity, in which the mercuric chloride took no part, 
and the second, of relatively great velocity, in which the mercuric 
chloride functioned. No conventional hypothesis appeared 
adequately to explain these facts. 

In order to investigate certain points more fully, an analogous 
reaction was sought in which the analytical method used would be 
of greater applicability. The reaction with iodine was found to be 
accurately comparable, and is here described. That with mercuric 
chloride will be comniuincated later, but it may be mentioned that 
comparative experiments with iodine and mercuric chloride, 
resfjectively, showed that the nieasurahle velocity wa., identical in 
the two case;-;, thv. . lending additional support to the view that 
only hyjropho.'phorous acid functions in the slower reaction. 

Steele (T., 1907, 91, 1611) had already investigated the reaction 
■with iodine, and obtained the same general results as above. For 
the reaction ib.FO,. -!- h-f HoO — HoPOg-f 2Hi he olfered the follow- 
ing explanation ; the slow stage is represented by 

(1) H„PO„' + Rp — > HPO/d-OH’ -i-flO, 
which proceeds, liberating free ionic charges, if there is also present a 
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substance capable of utilising them as rapidly as they are formed : 
(2) 12+20 = 21'. He points out that several hypothetical schemes 
may be substituted for (1) in order to account for the production 
of free electrons, but that intermediate compounds containing 
iodine cannot be formed in this stage. Any equilibrium between 
hypophosphorous acid and an “ active " form would not agree with 
the facts if it be assumed that equilibrium is instantaneously 
restored; but it is now shown that, if equilibrium is restored at a 
finite rate, the existence of an intermediate “active"' form 
adequately agrees with the facts and renders unnecessary the above 
unconventional hypothesia 

The reaction has now been studied under more diverse conditions, 
and certain new aspects have been investigated. 

Steele ignored two factors, which are here shown to have an 
important bearing on the problem: 

(1) The depression by mineral acids of the ionisation of hypo- 
phosphorous acid, which he regarded as “ probably slight." Taking 
this into account by utilising data obtained in the author’s paper 
on the subject (this vol., p. 957), it is shown clearly that the eSect 
is considerable, and that hypophosphorous acid functions as undis- 
sooiated molecules, Steele obtained higher constants in stronger 
acid solutions than in weaker, but, instead of attributing this to 
the increased proportion of molecules, he ascribed it to the fact that 
he was using more dilute hypophosphorous acid solutions, the 
behaviour of which he thought anomalous, and suggested the idea 
that its ions were the active part of the acid. 

(2) The part played by the iodine, which is apparently negligible 
over small ranges at moderate concentration, but becomes relatively 
great as the concentration decreases. Steele suggested that it 
played no part in the reaction until about nine-tenths of it had 
been used up, but that it then took part in an apparently bimole- 
cular reaction. This is now shown to be erroneous. Also, he was 
led to ascribe certain discrepancies to the above-mentioned 
anomalous behaviour of hypophosphorous acid in dilute solution, 
but these are now shown to be regularised when the function of 
the iodine is considered. 

From the data obtained from about thirty experijiients now 
described, actual rates of decrease of hypophosphorous acid 

were calculated at the beginning, middle, and end of each experi- 
ment, and when these were divided by the concentrations, at time 
I, of hypophosphorous acid, I,, and hydrogen ions, h„ and by the 
proportion of undissociated hypophosphorous acid molecules, 1 - a,, 
ninety values were obtained for the expression (ds j dt) j - at) 
which were almost constant when the corresponding concentrations 

3 C 2 
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of iodine exceeded iV/50, but which decreased more and more 
rapidly with decreasing concentrations of iodine. This behaviour 
was ultimately found to be represented by the formula 
[1 + rA,/a,](rfs/d«) = H/,(l - a,), 

where a, represents the concentration of the iodine molecules and 
r and k are constants. 

It will be noticed that this equation takes the form 
dsidt = kl^(\ - (a, + rA,) 

which the reaction would give if it were simply bimolecular between 
hypophosphorous acid molecules and iodine, being accelerated by 
hydrogen ions and retarded by a function, a, + rhi, of the iodine. 
Meyerhoffer (Zeitsch. phyiikal. Chem., 1888, 2, 585) found that 
iodine had a retarding effect, proportional to its concentration plus 
a constant, on the reaction HBr03+6HI = HBr + 3H2O + 3Ij; but 
the slightly modified form mentioned above has not been regarded 
as a valid explanation of the present reaction, since it is difficult 
to understand why iodine should exert a retarding effect when its 
concentration is zero, and its acceptance would imply that the 
hydrogen ions had simultaneously both accelerating and inhibiting 
effects. 

The following hypothesis is found to require the same mathe- 
matical expression and to fulfil all the other requirements previously 
postulated. Hypophosphorous acid molecules are originally in 
equilibrium with a very small quantity, y, of an "active” form, 
say H5PO3, in which the action of the hydrogen ions is to accelerate 


re-establishment of equilibrium; 

HjPOj-i-HjO — HjPOj (3) 

and the iodine, reacting, as shown later, as the I3' ion, takes part : 

H.ikO, + 1,' -> H^POj -t 2H' -t 31' (4) 

The rate of formation of phosphorous add, according to (4), will 
be: 

dsjdt — (5) 

Aj being a very large reaction velocity-constant. The equilibrium 
in (3) is 

kli{l - a,)h, = k^y ( 6 ) 


k and /q being the reaction velocity-constants in the two directions, 
A, being large, but not infinite, and the amount, y,, being so small 
as not appreciably to affect the amount of hypophosphorous acid. 

Then the rate of increase in ;/, owing to the tendency to restore 
equilibrium, is kl,{\ - o,) Aj - I'lyiA,, from (6), and its rate of decrease 
is dsjdt; hence 

dry ldl^klfi-a,)h,-kpj,h,- dsidt .... (7) 
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Eliminating y, from (5) and (7), we have 

{dHldfi)lk, + {dsjdlfjjc^, + [a, + k^hjk^lds jdt = ka,l,{l - a,)h, (8) 

This expression can be simplified for most reactions, as follows. 
Since k,^ is very large and k^ moderately large compared with k, 
and (Psjdfl and {dsjdt)^ arc of a lower order of magnitude than 
the other terms, and, moreover, are of opposite sign (except in 
certain cases), the first two terms may be neglected as a first 
approximation, and one has 

[a, + k^kjk^dsjdt = to, 1,(1 - o,)li, 

nr [1 + k.^h,lk./i,]dsldt = kl,(\ -a,)h, ....(£)) 

which is identical with the formula obtained experimentally when 
the constant kjk, is replaced by the constant r. As the best 
value of r is found to be 0-012, this e.xplains -why the iodine appear,? 
not to function until it becomes dilute, when ix, is small. 

Nov 7 , If-l-s, ai=n-5, and h,-h + ms, since h, is found to be 
a linear function of s. If, therefore, is a simple function of s, 
the expression can be integrated. In some cases it is a linear 
function, 50 that a,-a-ns. lajtters without suffixes denote initial 
values, and m and n arc constants for any particular experiment. 
T!ie expression simplifies to 

k .dt ^ d$[\l{l- s){h + ms){\ -a + ns) + rl{l-s){a-s){\-cL 4 nj)J (9a) 
and one obtains, on integration, 

- u) - - s . 

n{h + ml) log -- -I- «(! “ “ + ^'0 log + 

9;® ‘ - [(1 - a + In) log 

(l-a)(l-a + lffl){l-a + na)L «-s 

(1 -a + na) log + a) log i 

In cases where a, is not sufficiently nearly a linear function of s, it 
is better to put, n-0, regarding a as constant, and subsequently 
to employ the average value of (1 — ct) for the period concerned in 
obtaining the value of the coustaut. Thus one has 

( 1 - a)/cl = j^logl 1 - S + log (1* + ’“O -I 

0-012llog— -log i-1 /(i-a) . . (11) 

L a-s ‘”^J/ 

The exceptional cases mentioned when simplifying (8) to (9) are 
those in which the initial hydrogendon concentration is relatively 
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small and the reaoiion velocity increases at first to a maximum, so* 
that is not negative until that maximum is passed. These 

cases give results in fair agreement with the others when formula 
(11) is used, so that even when both the neglected terms in (8) are 
positive, their combined effect is very slight. 

It is interesting to note that if hydrogen ions actually took part 
in the reaction (3) in one direction only, and were not merely 
catalytic, h, would disappear from the second term on the left of 
equation (9), and the theory would require results not consistent 
with practice. 

In the calculations, it is assumed that a for the hypophosphorous 
acid depends only on the initial amount present and on the con- 
centration of the hydrogen ions, and is not affected by the replace- 
ment of hypophosphorous acid by phosphorous acid. This 
assumption is justified, because the ionising powers of the two 
acids are verv similar, and the total of the two acids remains 
unchanged, so that, according to the "total ion” hypothesis 
(Arrhenius. ZeHsch. php^ikal. Chem., 1888, 2, 285; 1899, 31, 218; 
Bray and Hunt. J. Amer. Chem. Soc., 1911. 33, 781 ; and Mitchell, 
this vol., p. 957). for any definite hydrogen-ion concentration there 
is a definite value of a for each initial concentration of hypo- 
phosphorous acid. Also it does not ap|>ear that the undissociated 
molecules of the inineral acids have any appreciable catalytic 
influence in tlie conceJitrations used. 

In several experiments (Nos. T, II, and V), possible oxidation 
to phosphoric acid wa.s checked alkalimelrically (see p. 1332) and 
found to be negligible. It has, indeed, been shown to be inhibited 
in an acid medium (Boyer and Bauxil, ,7. Pharm. Chim., 1918, 
[vii], 18, 321). and Federlin '(2e//sc7i-. fhfdkal. Chem.^ 1902, 41, 
565) could only obtain measurable velocities for the reaction 
l3etween phosphorous acid and iodine by using concentrated 
solutions. 

In one pha.se of this work, in order to obtain small yet constant 
concentrations of hydrogen ions, a "regulator” solution was used, 
consisting of equimolecular proportions of phosphoric acid and 
potassium dihydrogen phosphate, so that in the reaction-mixture 
each was present in ."'lolar concentration. Since the concentration 
of hydrogen ions was constant, the degree of ionisation of hypo- 
phosphorous acid was also constant, and, for these experiments, 
(9) becomes 

(1 -t r'la^d^jdt = A7, (12) 

where r’ and are constants, d being assigned the value 2*0 as 
giving most consistent results. Attempts to relate d to rh and 
V to 7*(l-.-a)7r, which they replace, are complicated by lack of 
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suifecient data for such concentrated solutions, ])ut h is of the order 
iV’/50 and (1 — a) about 0’4, so that it is concluded that both h' 
and r’ are several times greater than would be expected. 

Owing to the form of equations (11) and (12), in many cases 
they gave extremely concordant values of a constant based on the 
equation dsldt = k'%s/at, which was found not to hold when applie<i 
to iodine concentrations of a different order. In experiments 
XI, XX, and XXV this constant is given, as well as k or k', as an 
interesting example of the danger of relying on what happens to 
be merely a mathematical coincidence. » 

The integrated form of (12) is 

k't = \og^- + /■'^(logiL - log . . (13) 

/-s l~a\ a-s i-sJ 

The "ij Ion . — Considering the equilibrium I./ ~ Li-fl' investi- 
gated by Jakowkiu (Zeitsch. physikal. Ohem., 1896, 20, 19), it can 
shown that, for any stage of the reaction, 

[l2]-X(^r-5)/(/> + s-rt) 

to a close degree of approximation, wliere p is the molar concen- 
tration of the potassium iodide (assumed completely ionised), and 
that [V] = (^-s)[l — A*/(;? + .?-a)], since p increases by 2^i and a 
decreases by when s molecules of iodine have been changed to 
iodide ions. At the beginning of an experiment, when a' is zero, 
[1^] = and is therefore independent of the concentra- 

tion, It was at first thought that this would account for the 
|)ecuUar behaviour of the iodine in apparenHy not affecting the 
velocity of the reaction; but [L] decreases more rapidly than (i — 
with increase of so that, if the iodine reacted as such, its apparent 
active mass should fall off more rapidly than «-.<?, whereas actually 
it changes far less rapidly. Moreover, a comparison was made in 
experiments XII and J which were identical, except that in XII 
j)otas.sium iodide was added, so that p was equal to 9‘78ai, whereas 
in I it was 3‘76^; if molecular iodine were the active factor, the 
initial reaction velocities should be in the ratio 2'76 to 8‘78. whereas 
they were almost identical. Experiments XXV and XXVI also 
illustrate this in presence of the “ regulator ” solution. The iodine 
therefore does not react as molecules. 

Thus it is the I3' ion which functions, and, using the constant 
0‘00135 given by Jakowkin for the equilibrium, it is found that 
this ion constitutes 99 per (»nt. of the available iodine in .V/ 10- 
solutions, but is less in weaker solutions, being only about 65 per 
cent, in V/ 400-solutions at the beginning of reactions, and increas- 
ing somewhat as the reaction proceeds. This change in the relative 
concentration of the 1/ ion has been ignored throughout, as the 
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correction involved only affects the smaller term, and is, more- 
over, less* at the end of a reaction than at the beginning, since the 
increase of iodide ions outweighs the effect of dilution, and thus 
increases the proportion of I 3 ' ions. It would unnecessarily 
complicate equations, which are evidently sufficiently accurate to 
demonstrate the validity of the hypothesis. 

In conclusion, it may be said that, whatever the nature of the 
supposed “active” form of hypophosphorous acid, its existence 
could probably not be detected by chemical means, and, as the 
indications are that it is less than 1 per cent, of (and in constant 
proportion to) the acid molecules, its detection by physical means 
would be difficult. It is also possible that another hypothesis 
could be found which would require similar mathematical 
expression, but, if so, it is certainly more complicated than that 
developed here. 


Experimental. 

The reactions were carried ont in stoppered brown glass bottles 
in a thermostat at 25±0'05°. The iodine solution and hydro- 
chloric acid or ''regulator" solutions, when used, were made up to 
400 c.c., and when they hail acquired the temperature of the 
thermostat, 1'013, 2'000, or 4-000 c.c. of a concentrated solution 
of hypophosphorous acid were added from standardised pipettes. 
At definite times, quantities were withdrawn and run into a large 
volume of water containing the volume of standard sodium thio- 
sulphate solution estimated to lie necessary, and the final adjust- 
ment made at once. Check experiments showed that the hypo- 
phosphorous acid did not affect the titrations, 

The stock iodine soltition was accurately decinormal, Aa it 
was subsequently required to know the potassium iodide content of 
this solution, it was found to Iw 31-2 grams per litre (or 3’76 mole- 
cules per molecule of iodine) by an adaptation of the method with 
potassium iodate described by Sutton (''Volumetric Analysis,” 
p. 133), 

The stock hypophosphorous acid solution was a chemically pure 
article of commerce (D 1-14) which showetl no impurities other 
than a little phosp *orous acid. Its composition was checked by 
two methods; 25 c.c. of a one-tenth solution gave l'S124 grams 
of MgjPoO;, therefore H,PO,-i- Il 3 P 03 = 5 - 4 S moles, per litre; 
20 c.c. of one-fiftieth solution required 21'80 c.c. of A/lO-NaOH 
with methyl-orange, and 22-GO c.c. with phenolphthalein. Since 
hypophosphorous acid is monobasic to both indicators and phos- 
phorous acid is monobasic to the former and dibasic to the latter, 
the former is 5 25 molar and the latter is 0-20 molar, thus giving 
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a total identical with the gravimetric value. For obtaining the 
value of I, the solution .was regarded as 5-25N, and the Values of 
the hydrogen ions were based on a normality of 5'45, since the 
second hydrogen ion of phosphorous acid can be ignored. 

Calculation of EesuHs . — The degrees of dissociation of hydro- 
chloric acid are taken from the results of Bray and Hunt (/. Amer. 
Chcm. Soc., 1911j 33j 781), and the hydriodio acid is reckoned as 
hydrochloric acid tor this purpose. The degree of dissociation of 
the hypophosphorous acid in the presence of the mineral acids is 
obtained by methods based on the author’s recent communication 
on the subject (this vol,, p. 95 r). From table I given therein, a 
curve is constructed showing the relation between o and the con- 
centration of hydrogen ions, a/ v, when no extraneous acid is 
present. From this it is possible to obtain a series of curves, one 
for each value of I, showing the relation between o and the con- 
centration of extraneous hydrogen ions (H',), as follows: for a 
definite concentration of hypophosphorous acid, I, the value of a 
when n'j is aero can be obtained at once. A slightly lower value, 
Op is then selected, and the concentration of hydrogen ions in 
equilibrium with the acid alone at that degree of ionisation is 
found from the first curve; this must also be the concentration of 
hydrogen ions in the equilibrium if foreign acid is present, as 
shown in the paper quoted; from this is therefore deducted fuj, due 
to the hypophosphorous acid itself, aud the remainder is Il'i. A 
series of corresponding values of a and H'l is obtained in this way 
for each value of I, and from the resulting curve the value of a 
can be obtained for a known HV. This method is simpler and of 
wider applicability than solving the equation developed in the 
former communication. 

In order to avoid small decimals, all concentrations are multi- 
plied by 200, and the value of (■ should therefore be multiplied by 
200 ill order to give absolute units. Time, t, is in minutes; u-.s- 
shows the iodine concentration in molecules; s shows the number 
of moles, reduced; l — s the hypophosphorous acid remaining. The 
column HI show's the original hydroehloric acid (when used) plus 
2s, the hydriodic acid formed. il'„i are the corresponding 
hydrogen-ion concentrations of the mineral acid,s, the degree of 
ionisation (not recorded) being assumed to be unaffected by the 
presence of the weaker acids, a gives the degree of dissociation 
of the hypophosphorous and phosphorous acid, and under H*,, is 
recorded fa, the hydrogen ions derived from them, the slight correc- 
tion necessary for the phosphorous acid initially present having 
been made throughout. Then follow the total hydrogen-ion con- 
centration, h, and the mean value of l-o for the jiericxl 

3 c‘ 



1,330 


Mitchell; studies on 


(or 1 - 0 ^ the value at the middle of the period), for which the 
constant* is calculated. t 

Formula (11) is used except where otherwise stated, and in any 
one experiment the deviations of k from the mean rarely exceed 
3 per cent. 

The six following experiments were without original hydrochloric 
acid. 


Experiment I. 


t. 

a— s. 

a. 

1 — s. 

HI. 

Hin. 

a. 

Hr. 

h. 

1 — ttM. 

k X 10® 

0 

4-99 

— 

10-52 

— 

— . 

0-645 

7-10 

7-10 





5 

4-82 

0'17 

10-35 

0-34 

0-34 

0-640 

6-99 

7-33 

0-355 

118 

20 

4-34 

0-65 

9-86 

1-31 

1-28 

0-625 

6-77 

8-05 

0365 

114 

50 

3*29 

1-70 

8-82 

3-40 

3-27 

0-590 

6-44 

9-71 

0-382 

112 

80 

1-90 

3- 03 

7-48 

G07 

5-77 

0-553 

600 

11-77 

0-400 

117 

105 

0-98 

4'0I 

C-51 

8-02 

7-58 

0-530 

0-79 

13-37 

0-413 

118 

125 

0-19 

4-80 

5-72 

9-59 

9-.02 

0-513 

5-58 

14-60 

0-421 

120 

145 

0-03 

4-96 

5-56 

9-93 

9-34 

0-510 

5-57 

14-91 

0-422 

113 








m = 

1-543. 

Mean 

= 116 

The data of 

the other five experiments gave constants 

of the 


same order of agreement, and are here summarised. 


Expt 

a. 

1 . 

a. 

H'h= h. 

m. 

k X 10*. 

II. 

9-80 

20-62 

0-5.52 

11-81 

1-546 

148 

IV. 

9-92 

5-34 

0-735 

4-07 

1-651 

134 

V. 

9-86 

10-44 

0-645 

7-05 

1-606 

124 

VI. 

2-43 

25-50 

0-525 

13-91 

1-425 

136 

VII. 

2-46 

13-00 

0-622 

8-40 

1-507 

120 


[In experiment VII, the complete formula (10) was used with 
fi = 0'030.] 

The following experiment is comparable with I, and shows the 
negligible effect of adding more potassium iodide (see p. 1327) ; 

XII. 4'D7 10-4+ 0-6S0 7-03 1-566 114 

The next thirteen experiments were with initial hydrochloric 
acid. Only experiments III and XVI are given in detail, the 
latter showing the accuracy of the constant at very low concen- 
trations of iodine. 






Exper 

iment 

III. 





t. 

a — s. 

a. 

1-5, 

. HI. 

H*Hi- 

a. 

H'r. 

h. 

1— ttM. 

fcxio* 

0 

4-93 

— 

10 14 

11-30 

10-59 

0-496 

5-38 

15-97 





.5 

4-33 

0-60 

9-84 

12-51 

11-68 

0-485 

5-26 

16-94 

0-510 

(139) 

10 

3-89 

J-04 

9-40 

13-38 

12-47 

0-478 

5-18 

17-65 

0-513 

126 

15 

3-34 

1-59 

8-85 

14-48 

13-47 

0-470 

5-10 

18-57 

0-517 

129 

20 

2-80 

2-13 

8-31 

15-56 

14-44 

0-463 

5-02 

19-46 

0-520 

130 

25 

2-31 

2-62 

7-82 

16-55 

15-35 

0-457 

4-95 

20-30 

0-524 

129 

3U 

]-81 

3-12 

7-32 

17-55 

16-24 

0-450 

4-88 

21-12 

0-527 

130 

35 

1-40 

3-53 

6-91 

18-37 

16-97 

0-445 

4-82 

21-79 

0-630 

127 

4U 

0-95 

3-98 

6-46 

19-25 

17-75 

0-439 

4-76 

22-51 

0-533 

128 

45 

0-57 

4-36 

608 

20-02 

18-44 

0-434 

4-70 

23-14 

0-535 

128 

50 

0-28 

4-65 

5-79 

20-60 

18-95 

0-430 

4-60 

23-58 

0-537 

128 

55 

0-11 

4-82 

5-62 

20-94 

19-26 

0-428 

4-64 

23-90 

0-538 

128 

60 

0-04 

4-91 

5-53 

21-12 

19-41 

0-426 

4-62 

24-03 

0-539 

130 








— ] 

[-644. 

Moan = 

= 128 
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Experiment XVI. 


t. 

a — n. 

a. 

1 — .5. 

HI. 

Hh,. 

a. 

H-p. 

h. 

1 — an. 

k X 10' 

0 

0-499 

— 

2-670 

1410 

1313 

0-515 

1-43 

14-56 





2 

0-460 

0-039 

2-631 

14-18 

13-20 

— 

1-42 

14-62 

0-486 

(135) 

7 

0-389 

0-110 

2-560 

14-32 

13-33 

— 

1*42 

14-75 



116 

12 

0-319 

0-l'80 

2-490 

14-46 

13-47 



1-42 

14-89 



116 

16 

0-287 

0-232 

2-438 

14-57 

13-56 

— 

1-41 

14-97 



116 

22 

0-196 

0-303 

2-367 

14-71 

13-68 



1-40 

15-08 



116 

28 

0-141 

0-358 

2-312 

14-82 

13-79 

— 

1-40 

16-19 



116 

44 

0-043 

0-456 

2-214 

15-01 

1396 

0-503 

1-30 

in 

15-35 

= 1-73. 

0-491 

Sleaii 

116 

= 116 


E3Cpt. 

a. 

1 

HI. 

Hh,. 

a. 

Hp. 

m. 

PX 10‘ 

XIV 

. 9-76 

10-30 

IMO 

10 41 

0-498 

5-33 

1-647 

128 

XV 

. 0-250 

2-670 

28-20 

25-66 

0-409 

M3 

1-830 

136 

XVll 

. 0-250 

2-670 

14-10 

13*13 

0*515 

1-43 

1-704 

132 

XVIII 

. 0-986 

1-040 

28-0 

25-5 

0-415 

0-45 

1-66 

123 

XIX 

. 9-38 

20-20 

10-86 

10-19 

0-459 

9-64 

1-672 

145 

XX 

. 0-985 

2-080 

28-0 

25-5 

0412 

0-9 



122 

XXI 

, 0-985 

2-080 

11-20 

10-47 

0-550 

1-20 

1-81 

112 

XXII 

. 0-493 

1-040 

28-0 

25-5 

0415 

0-44 

— 

137 

VJII 

, 4-97 

2-67 

1130 

960 

0-25 

— 

— 

137 

IX 

, 2-485 

2-67 

56-5 

51-0 

0-30 





129 

XI 

. 2-485 

2-07 

113-0 

96-0 

0-25 

— 

_ 

131 


Where no value is given for »i, h is regarded as constant, and 
in the last three experiments the value of H',. has been neglected, 
as not appreciably affecting the total value of h. Also, in the last 
three experiments, a was obtained by extrapolation, and is there- 
fore only approximate. 

In experiment XI, eight values, all between 300 and 312, were 
obtained for the constant /i" x 10‘ mentioned on p. 1327. In 
experiment XX, similarly all ten values were between 107 and 112. 

The following seven experiments were in a solution molar with 
respect to both phosphoric acid and potassium dihydrogen phos- 
phate as “ regulator ’’ (see p. 1326). Formula (13) is used in each 
case. Experiment XXTll is given in detail. 


Experiment XXTII. 


t. 

a ~ 8. 

s. 

1 — s. 

k' X 10 

0 

4-996 

— 

10-50 

_ 

2 

4-596 

0-400 

10-10 

274 

6 

3-898 

1-098 

9-40 

267 

10-2 

3*246 

1-750 

8-75 

2fiS 

15 

2*578 

2-418 

8-08 

272 

20 

1*996 

3000 

7-50 

274 

26 

1*522 

3-474 

7-03 

274 

33 

0*950 

4046 

0-40 

276 

45 

0*432 

4*564 

5-94 

276 


yiean 273 

3 0* 2 
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K’fpt- a. L k’ X 10*. 

XXIV 4-970 5-224 271 

XXV 2-494 5-250 254 

XXX] 0-4992 1-060 264 

XXXll 0-2496 1-060 291 

XXXIII 0-4992 0-526 266 

XXXIV 0-4994 5-260 240 


For XXV, all eight values of ¥' x 10< (p. 1327) are between 600 
and 626. 

Experiment XXVI was exactly comparable with XXV, except 
that it contained potassium iodide in the proportion of 15-8 mole- 
cules to each molecule of iodine; XXV, and all other experiments 
except XII, have the proportion 3-76. The constant, k' x 10<, was 
255 ; the agreement with 254, obtained in XXV, shows that iodine 
functions as the I/ ion. 

Experiment XXVII, at lI-6° gave a constant, it' x 10<=54-8, 
and as it is exactly parallel with XXV, the temperature-coefficient 
is 4-64 for 13-4 degrees. Logarithmic proportion reduces this to 
3'14 for 10 degrees and 2-22 for 7 degrees. Steele found S'l for 
10 degrees for solutions without added acid or "regulator.” Since 
the term involving r', the ratio between two rapid reaction veloci- 
ties (see formula 12), accounts for more than half the value of the 
constants, it appears that this ratio is practically unaltered over 
the range of temperature employed. 

The agreement between the constants obtained in this series of 
"regulator ” experiments shows clearly that the iodine must func- 
tion in the manner shown in the equations used. The effect of 
neglecting it is very much more apparent in this series than in 
the earlier experiments. 

In order to detect possible oxidation to phosphoric acid, the 
following procedure was adopted. If phosphorous acid only is 
jn-oduced, each molecule of iodine reduced gives rise to 2 mole- 
cules of hydriodic acid, and also changes 1 molecule of monobasic 
hypophosphorons acid to 1 molecule of dibasic phosphorous acid, 
phenolphthalein being used as indicator; whereas, if phosphoric 
acid is produced, 2 molecules of iodine give rise to 4 molecules 
of hydriodic acid, -nd still only raise the basicity by unity. There- 
fore, in the former case, the increase of acidity should be TS times 
the number of equivalents of iodine consumed, and in the latter 
case the ratio should be 1’25. In every case tested, the ratio has 
been very close to I'o, so that the production of phosphoric acid is 
very slight. 

Expt. /.—At („ 5 , 20 c.c. required 14'34 c.o. of A/lO-NaOH 
more than at f„; iodine cousumed = 9-93 c.o. of A/lO-NajSjOj; 
ration 1-495. 
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Expt. II • — Increase of alkali litre at ^ 5 ^,= 14■63 c.c. ; iodine 
consuined“9’75 c.c.; ratio=l*o01. 

Ex-pt. V. — Increase of alkali tit-re at 19'58 c.c.; iodine 
consumed = 13‘10 o.o. ; ratio=l'495. 

For the same purpose in the “ regulator ” series, an experiment 
(XXVIII) was carried out exactly parallel with XXV, except that 
hypophosphorous add was replaced by the same concentration of 
phosphorous acid. In three hours, less than one-half per cent, of 
the iodine was reduced, whereas in experiment XXV, 50 per cent, 
was reduced in twenty-two minutes. 

Experiment X was carried out with hypophosphorous acid which 
was previously neutralised (to methyl-orange), and is comparable 
with I. Ill five hours, less than 5 per cent, of the iodine was 
reduced; as the second hydrogen ion of the phosphorous acid, 
originally present to a slight extent, would be sufficient to start 
the reaction, and so provide more hydrogen ions, it is probable 
that reaction in neutral solution is extremely slow, and that the 
HnPO^^ ion does not react, except, possibly, in the presence of 
hydrogen ions, in which case reaction is evidently so slow as not 
preatly to afTect the constancy of values (»btained on the assumption 
that it does not take place at all. 

The following experiments of Steele’s are quoted, after con* 
version to the units used herein, to show how the irregularities 
observed by him are largely accounted for in the light of the 
present work, The first two columns are derived from his data; 
the remainder are obtained as in the author’s results. The 
constants obtained by each method are shown, those of Steele 
being designated by Xs. The letter S after the Roman numerals 
indicates his experiments. 

The value 119 obtained for h x 10^ in X(S) is in agreement with 
the author’s re-suIts, and shows less falling off with time than does 
iTfl. Moreover, for the three experiments, the results are far 
more concordant than those obtainc<I on Steele’s hypothesis. The 
fact that Steele used a very pnre specimen of hypophosphorous 
acid may account for the slightly lower values In his experiments. 


Expt. 

X(S) 

XI{S) 

XII(S) 


a. 

1 

a. 

ft. 

k X 10*. 

Xs X 10*. 

2-00 

20-00 

0-555 

IMO 

119 

94 

0-500 

5-00 

0-734 

3-67 

92 

45 

0-200 

2-00 

0-841 

1-68 

83 

24-5 


Although the agreement is not so good as in the other results, 
it is evidently far better than in the results obtained by Steele’s 
method, so that the present hypothesis, which attributes a definite 
part to the iodine molecules, is apparently more justified by results 
than that which ignores the iodine and attributes the great decrease 
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in the constant to a decreased activity of hypophosphorous acid at 
low concentrations. 

This is further supported by a reconsideration of Steele’s experi- 
ment II, for which he could liot obtain a constant without assuming 
the degree of ionisation to be 0'20 instead of the actual 0 775, which 
was again supposed to be due to decreased activity. According to 
the present method, one obtains moderate constancy. 


Experiment II(S) at 18“. 


t. 

a — a. 

8. 

Z — 


0 

4-50 



4-00 

— 

390 

4-20 

0-30 

3-70 

0-60 

570 

3-98 

0-52 

3-48 

1-02 

1440 ■ 

* 2-42 

2*08 

1-92 

400 

1710 

2-04 

2-46 

1-54 

4-68 

1830 

1-84 

2-66 

1-34 

5-04 

2805 

0-80 

3-70 

0-30 

e-96 

3240 

0'G8 

3-82 

018 

7-24 


a. 


h. 

1— £IH. 

k X 10®. 

0-776 

3-11 

3-U 

— 



0-750 

300 

3-60 

0-235 

(25-3) 

0-735 

2-94 

3-96 

0-245 

(28-1) 

0-660 

2-64 

6-64 

0-280 

38-3 

0-643 

2-56 

7-24 

0-290 

37-7 

0-636 

2-54 

7-58 

0-295 

39-2 

0-597 

2-38 

9-34 

0-340 

41-5 

0-092 

2-36 

9’00 

0-355 

39-8 


m — 

1R75. 

Mean 

= 39-3 


If the temperature-coefficient for seven degrees is taken as 2'22 
(see p. 1332), this gives the low value of 87 for 25°, but, that the 
experiments correspond in general is seen from the following' 
summary of experiments, for which the data can be utilised ; 

Experiment. lll(S). IV(S). V(S). VIII(S). XIII(S). XV(S). XXI(S) 

k X 10* 108 115 119 106 107 113 119 

Ka'/ 10* 355 400 425 430 425 605 665 

Steele’s A'axlO*, given for comparison, clearly shows the 
inadequacy of his hypothesis. 

The method of treatment now presented obviously places the 
question on a more systematic basis, although the slight variation 
of the “ constant ” from one experiment to another is not accounted 
for ; but the several small appro.ximations made, together with the 
uncertainty in the choice of the .value of the constant r, the large 
influence, in certain cases, of a difference, 1 which is sometimes 
very small, and the alteration in the proportion of the iodine which 
is present as the Ij' ion. may easily account for the variation of 
10 per cent, from (he mean value, 128 x 10~®. It is also probable 
that the HoFO/ ions react slowly, and account partly for the 
variations, since the three highest constants are given by the three 
greatest concentrations of hypophosphorous acid. 


Summary, 

(If The previous attempt to explain the reaction had suggested 
an hypothesis involving the presence of free ionic charges. By taking 
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intxj consideration certain factors which had been ignored, this is 
shown to be unnecessary, and most discrepancies disappear. 

(2) These factors were; (i) the influence of the iodine concen- 
tration on the measurable velocity, this influence being slight at 
moderate dilution, but relatively large at greater dilution, and (ii) 
the effect of hydrochloric and hydriodic acids on the ionisation of 
hypophosphorous acid. 

(3) The following hypothesis is advanced to explain all the 
anomalies formerly noted. The hypophosphorous acid molecules 
are in equilibrium with a very small proportion of an “active” 
form (say H 5 PO 3 ), which reacts rapidly with the iodine, 

HjPO^+V n 3 P 03 + 2H' + 3I'. 

The restoration of the equilibrium thris displaced is acceler,pted by 
hydrogen ions, and forms the measurable reaction, 

H3P0.,-r II.,0 =; ITsPOj. 

University of London, 

South Kensington, S.W. [Rece,iw.d;SeitUmUr 1920.] 


CXLIII . — Modification and Extension of the Friedel 
and Crafts’ Reaction. Fart I. 

By Jnanendka Natu Bay. 

Hadziewanow.ski (Ber., 1895, 28, 1139) suggested some modifi- 
cations of the Friedel-Crafts’ reaction, in one of which he used a 
mixture of aluminium powder and mercuric chloride. He pre- 
pared ethylbenzene in small yield, but did not obtain any tri- 
phenylmethane in the condensation of chloroform and benzene. 
Von Gulewitsch {Ber., 1904, 37, 1560) studied the interaction of 
mercuric chloride and aluminium in benzene, and isolated a com- 
pound, CjHjjAlClj.HgCl. A similar compound was formed ivith 
toluene. It was thought that if this double compound were 
employed as a catalyst, the secondary changes that rendered 
Radziewanowski’s reaction unsuccessful might disappear. This 
expectation has been amply realised. Von Gulewitsch showed the 
course of the reaction to be 

C„Hc + Al-i-2HgCl., -> C„H 3 ,AlCl 3 ,HgCl + Hg. 

The mercury, liberated as above, forms an amalgam with the 
unchanged aluminium, but when an excess of mercuric chloride is 
employed, this tendency to amalgamate is reduced, inasmuch as 
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the whole of the aluminium is utilised in reducing mercuric to 
mercurous chloride. The success of the reaction depends on the 
non-formation of the amalgam, as otherwise it acts concurrently 
with the double compound. . 

Some interesting products have been isolated in the condensation 
of the hydrocarbons with chloroform, carbon tetrachloride, benzyl- 
id ene chloride, etc. Thianthren has been prepared in an 80 per 
cent, yield from benzene and sulphur. This compound was 
obtained in small amount along with phenyl mercaptan, phenyl 
sulphide, and phenyl disulphide by Friedel and Crafts (Ann. 
Chim. P/n/s., 1838, [vi], 14 , 438) in the condensation of benzene 
and sulphur with aluminium chloride, whilst Genvresse (Bull. Soc. 
chim,, 1897, [iii], 17 , 599) observed the formation of thianthren 
and fsotbianthren in the same reaction. 

9: lO-Diphenyl-9 : 10-dihydroanthracene is formed by the con- 
densation of benzene and chloroform, whilst in the ordinary 
Friedel-Crafts’ reaction (Annalen, 1878, 194 , 254; 1885, 227 , 
107), triphenylmethane, chloroarylmelhanes, and tetraphenyl- 
ethane (Ber., 1893, 26, 1952) are the products. The same 
compound is obtained by the interaction of benzylideno chloride 
and benzene. 

Carbon tetrachloride and benzene give 9 :9 ; 10 : lO-tr trupArnyf- 
^■.Wihhjihoanthraceiie, which is also obtained from benzotri- 
chloride and benzene, whilst in the usual reaction, triphenyl- 
methane, chloroarylmethanes (AnnnUn, 1878, 194 , 254), and tetra- 
phenylethylene (Ber., 1893, 26, 1952) are obtained. 

Similarly, ,lnxethyl-<i : lO-rfr/o/yf-9 r XdBihydroanthTactne has 
been obtained from chloroform and toluene. In this condensation, 
using aluminium chloride, Schwarz (Ber., 1881, 14 , 1530). pre- 
pared tetratolyletliane, which has the same melting point (215°) 
and empirical formula, but a mixfnre of the two melts at 
206—208°. Eenzylidene chloride .and toluene yield dimethyl- 
9 : lO-diphrnyl-3 : XO-dihydroanfhrncetie. 

Finally, chloropicrin and benzene, under the action of the 
roagent, furnish M-nitrotriphenylmethane, previously obtained by 
the direct addition of nitrogen peroxide to triphenylmethyl 
(Schlenk, Mair, an/’ Bornhardt, Ber., 1911, 44 , 1172). Boedtker 
(Bull. Soc. Mm., 1908, [iv], 3, 726) states, however, that all 
aliphatic nitrocompounds lose their nitro-groups under the 
influence of aluminium chloride, and obtained triphenylmethane 
and some tnphenylcarbinol in this reaction. 
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Experimental. 

To a mixture of 20 c.c. of dry benzene and 20 grams of mercuric 
chloride contained in a flask with reflux condenser, 1 gram of 
aluminium powder was added gradually, and the flask vigorously 
shaken. The heat of the reaction caused the benzene to boil, and 
the flask w'as occasionally cooled in an ice bath. A green, crystal- 
line mass eventually separated, and the reaction was completed by 
immersing the flask in tepid water for half an hour. The mercury 
liberated in tlie reaction was removed, and the preparation of the 
catalyst was complete. 

In all the reactions described below, the components were well 
agitated by a mechanical stirrer. 

Acetophenone . — The calculated amount (1 mol.) of acetyl 
chloride was added through the condcuser in small quantities at a 
time, the mixture allowed to remain for two hours at the ordinary 
temperature, and then heated to 10° for an hour. On cooling, it 
was decomposed with water, and the oil extracted with benzene, 
the benzene solution being dried and finally fractionated. The 
yield of acetophenone was 60 per cent, of the theoretical, whilst 
Ijy Friedel and Crafts’ method it is 55'5 per cent. 

p-ToJyl Methyl Ketone . — Following an almost identical method, 
from 33 c.c, of toluene, 2-5 grams of aUimiiiinm, and 45 grams of 
mercuric chloride, IG'l grams of this ketone were obtained. 

Thianthren, -The catalyst was prepared from 

2'5 grams of aluminium, 4o grams of mercuric chloride, and 
30 c.c, of benzene; 10 grams of flowers of sulphur were added, and 
the mixture was heated on the water-bath until hydrogen sulphide 
was no longer evolved. The product, on cooling, was decomposed 
with ice, filtered, and the residue repeatedly extracted with chloro- 
form, from which the substance was obtained on concentration. 
When crystallised from acetone, it melted at 160*^. The yield was 
14 grams (Found: C-66-1; H = 3-8; S-28’D. Calc.: C-66-6; 
II~3-7; S^29'6 per cent.). 

d:l0-DiphevyI-3-A0-dihijdi’oanthraceue . — The catalyst was pre- 
pared from 1 gram of alumininm, 20 grams of mercuric chloride, 
and 15 c.c. of benzene. Six c.c. of chloroform were added drop 
by drop through the condenser, and the flask was allowed to remain 
at the ordinary temperature for (wo hours, and then heated for 
an hour at 40°, and then for another liour at 40 — 50°. On cool- 
ing, the product was decomposed with ice and filtered. There 
separated from the filtrate a deep red oil, from which some un- 
changed benzene was evaporated. The residue was extracted with 



13S8 RAT : MODIFICATION AND EXTENSION OF THE 

boiling acetic acid containing a little water, from which the com- 
pound separated on cooling. After being crystallised from dilute 
alcohol, and then repeatedly from dilute acetone, the compound 
melted at 159° (Linebarger, Amer. Ghem. 1891, 13 , 556, gives 
164-2°) (Found; 0-932; H-6-7. Calc.: C-93-9; H-6-1 per 
cent.). 

The same compound was obtained by the interaction of 3 c.c. 
of benzylidene chloride, 8 c.c. of benzene, O'o gram of aluminium, 
and 10 grams of mercuric chloride, the reaction being completed 
at 50 — 55°. The product was isolated as described above (Found : 
C — 94‘0; H — 6-39. Calc.: C- 93'9; H = 6'l per cent.). A solu- 
tion of 1 gram of the substance in acetic acid was oxidised with 
an acetic acid solution of chromium trioxide, and the product 
poured into water. The resinous mass was dried and then 
sublimed, and the sublimate was proved to be anthraquinoiie by 
the method of mixed melting points. 

The diacetyl derivative was prepared by heating 1 gram of the 
substance with 10 c.c. of acetic anhydride and four drops of 
pyridine under reflux for an hour. The product was poured into 
water and neutralised with sodium carbonate. The viscous mass 
solidified, and, after being fractionally crystallised from dilute 
alcohol, melted at 92° (Found: C = 85-3; H = 7-4. CggH2402 
requires C = 85-7; TI = 6-8 per cent.). 

Dimethyl-^ : IQ-dUolyl -^ : iMihydroanthracene . — This condensa- 
tion was performed as in the preceding case, the catalyst being 
prepared from 1 gram of aluminium, 20 grams of mercuric chloride, 
and 15 c.c. of toluene. Chloroform (1 mol. for 2 mols. of toluene) 
was added through the condenser, and finally the reaction was 
completed at 70°. The oily product obtained after the decomposi- 
tion of the mixture with ice, after being freed from chloroform 
and toluene, solidified when kept in a vacuum desiccator, and when 
crystallised from dilute acetic acid melted at 215° (Found : 
C = 92'0; H = 7'9. requires C— 92*7; H = 7'3 per cent.). 

Dimethyl -’^ : l^-dijyhe'nyl -^ : \Q-dihydroanthracene. — The catalyst, 
prepared from 8 c.c. of toluene, O'S gram of aluminium, and 
10 grams of mercuric chloride, was treated with 4 c.c. of benzyl- 
idene chloride, the > 3aclion being completed by heating at 60 — 70° 
for two hours. The oily product obtained after the usual treat- 
ment was dried and distilled under diminished pressure, when 
some oily matter pas'^ed over, and the residue solidified. This was 
extracted with hot alcohol, and, on concentration, a product was 
obtained which, after crystallisation from acetic acid, melted at 
185° (Found: 0 — 92'8; H — 7'0. Cogll^i requires C = 93'3; 
H = 6‘7 per cent.). 
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9:9:10: IQ-Tetraphenyl -^ ; 10-dihydroanthracene . — Eight c.c. of 
carbon tetrachloride were added to the catalyst, prepared from 
20 c.c. of benzene, 1 gram of aluminium, and 20 grams of mercuric 
chloride, and the whole was kept at 50 — 60® for two hours, and 
then at 70° for an hour. After decomposing the product with 
ice and filtering, the dried residue was extracted with carbon 
disulphide, from which some of the tetraphenyl derivative was 
obtained. The filtrate separated into two layers, and the benzene 
layer, on evaporation, gave a further quantity of the substance, 
which, when crystallised from dilute acetone, melted at 159° 
(Found: C = 94'0; H = 6-8. CjgHjg requires C=94-2; H = 5'8 per 
cent.). The same compound was obtained by adding 5 c.c, of 
henzotrichloride, in the course of half an hour, to the catalyst, pre- 
pared from 15 c.c. of benzene, 1 gram of aluminium, and 20 grams 
of mercuric chloride. The product, isolated as above, melted at 
159° (Found: C = 91'02; H = 5'l. Calc.; C-94-2; H=5'8 per 
cent.). 

tn-Nitrotriphenyhnethane. — Five c.c. of chloropiorin were used 
with 20 c.c. of benzene. The mixture was warmed first in a tepid- 
water bath and then for a few hours at 45°. The product was 
decomposed with ice, distilled in a current of steam, and the resi- 
due filtered, dried, and extracted with much boiling alcohol. This, 
on concentration, deposited m-nitrotriphenylmethane, which, on 
recrystallisation from alcohol, melted and decomposed at 145° 
(Found: C = 78-49; H = 5'54; N=4-5. Calc.: C = 78'8; H = 6’l; 
N’=4'8 per cent.). 

I 

In conclusion, T wish In express my best thanks to Sir P. C. 
Eay for the interest he has taken in the work, and to Mr. M. L. 
Dey for his criticisms and suggestions. 

Chemicau Laboratory, 

College of Science, 

University of Calcutta. [Heceived, May' 2\st,' 1920.] 
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CXLIV . — The Freezing Point of Wet Benzene, and the 
hifuence of Drying Agents, 

By Nevil Vincent Sidgwick. 

During the purification of benzene by freezing for cryoscopic 
purposes, irregularities were observed in the freezing points of 
successive fractions, which were found to be due to traces of water 
absorbed from the air. This suggested the determination of the 
maximum depression of the freezing point of benzene by water. 
In a previous paper (T., 1915, 107, 675), it was stated that this 
depression amounts to 0*042*^, but later work has shown that the 
readiness with which benzene absorbs water from the air had been 
underestimated, and that the original benzene was not really dry. 
If proper precautions are taken to dry the benzene, its freezing 
point is lowered 0‘100° by the addition of excess of water.* 

This affords a convenient method for determining the efficiency 
of various drying agents. If the wet benzene is shaken with a 
solid dehydrating agent, which is insoluble in it, until a constant 
freezing point is obtained, the ratio of the depression observed in 
the presence of the drying agent, to that produced by pure water 
is a measure of the lowering of the vapour pressure of the water 
by the latter, and hence of the efficiency of the drying agent. This 
efficiency must bo the same (at temperatures near 5°) for a solution 
in any solvent in which (he drying agent is insoluble. 

Experimental. 

Two samples of benzene, each about a litre, were used: one (*4) 
was kindly given me by Dr. Hewitt and Mr. W. J. Jones; it was 
of English origin, and had been purified by them. The other 
(5) was Kahlbaum's purest. Neither gave more than the faintest 
trace of the mdophenine reaction. 

These were further purified separately by repeated freezing. In 
the later stages, ir’-egiilarities of several hundredths of a degree 
were observed in the freezing points, which disappeared when the 
measurements were made in the presence of potassium carbonate. 

^?he^ the freezing points appeared to be constant, the benzene 

• After this work was finished, a paper appeared by Richards, Carver, and 
Schumb {J. Am, IT. Ch,eyn. Soc,, 1919, 41 , 2024\ in which two experiments ar© 
described on the depression of the freezin? point of pure benzene by water, 
giving thi values 0-W and 0'096’: mean 0*095’. This is in satisfactory 
agreement with the valtie OdOO® adopted in the present paper. 
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was still further purified by the method described by Richards and 
Shipley (J. Amer. Chem. Soc., 1914, 36, 1825) and by Richards 
and Barry (ihid.^ 1915, 37, 993). It was boiled for some hours 
with clean sodium (previously washed with the benzene) in a flask 
with a bent reflux condenser and drying tube. The condenser 
was then inclined downwards and connected to the side-tube of a 
carefully dried Beckmann apparatus. A steady stream of dried 
air was passed into the apparatus through the sheath of the stirrer, 
which was expanded into a bulb in the usual way, to prevent moist 
air from being drawn in when the stirrer was raised. It is 
essential that the access of moist air should be prevented; in one 
experiment the condenser tube was accidentally separated from 
the Beckmann apparatus for a minute, and this caused a drop in 
the freezing point of several thousandths of a degree. To the 
condenser tube between the water-jacket and the freezing-point 
apparatus, a rather narrow side-tube was sealed, so as to point 
downwards when the condenser was in position for distillation. 
The first runnings escaped througli this tube, which was then 
closed by attaching a test-lube to it with an air-tight cork. The 
tube then filled up with liquid, and the rest of the distillate 
ran straight into the freezing-point apparatus. 

Several readings of the freszing point having been taken, two 
or three drops of water were added, the tube was warmed with the 
hand and well stirred, and the freezing point again observed. 
This gave the difference between the freezing point of pure benzene 
and that of benzene saturated with water (the triple point, solid 
benzene-liquid benzene-water). Then about half a gram of dry, 
powdered potassium carbonate was added and thoroughly stirred, 
and the freezing point again taken. A smaller quantity of the 
salt was then added in the same way, and if this raised the freez- 
ing point, another small quantity was added; more than three 
additions were never required. This gives the temperature of the 
quadruple point, solid benzene-solid potassium carbonate-benzene 
solution-saturated aqueous solution of potassium carbonate. These 
operations were performed with successive frozen-out fractions of 
the purified benzene, and the results are given in the following 
table. The temperatures are referred to the arbitrary zero of the 
Beckmann thermometer, which remained constant during the 
experiments; each is the mean of several concordant readings, 
corrected for the temperature of the emergent stem. The fractions 
marked A are the English benzene, li the German; the index 
number following this shows the number of times it had been 
frozen out; thus, A 7 is the fraction obtained by freezing out the 
English benzene seven times. 
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III. 




I. 

II. 

Wet, with 




Dried by 

With 

potassium 



Fraction. 

sodium. 

water. 

carbonate. 

L~II. 

III.— II. 

Al 

3*120“ 

3*021“ 

3*080“ 

0*099“ 

0*069“ 

A1 

3*121 

3021 

3*081 

0*100 

0*060 

AS 



3*023 

3*083 

— 

0*060 

AS 

3*119 

3*021 

— 

0*098 

— 

B6 

3-115 

3015 

3*075 

0-100 

0*060 

57 



3*020 

3-081 

— 

0*061 

li 8 

3*121 

3022 

— 

0*099 

— 

BS 

— 

3*022 

3*081 

— 

0*061 


Means A.... 0099 0*060 

B,... 0*100 0*061 


The freezing point is thus lowered 0-100® by saturation with 
water. If the molecular weight of the dissolved water is 18, its 
solubility at 5'4® (assuming the cryoscopic constant 51®) must be 
0*035 gram per 100 grams of benzene. Groschuff {Zeitsch. 
Elektrochem., 1911, 17, 348) found that 100 grams of benzene at 
3° dissolve 0-030 gram of water, and at 23® O'OGl, which would 
mean about 0-032 gram at 5-4®, agreeing with the observed 
depression for a molecular weight of 18. The value 0-24 gram in 
100 grams at 22® given by Herz {Ber., 1898, 31, 267) is presumably 
erroneous. 

On the addition of potassium carbonate, water is withdrawn 
from the benzene to form a saturated solution of the salt, the 
vapour pressure of which is lower than that of pure water; the 
concentration of the benzene solution diminishes and its freezing 
point rises by 0*061®, being 0*039® lower than that of pure 
benzene. 

Other dehydrating agents were then examined in the same 
manner. Carefully dried and powdered specimens of sodium 
sulphate, copper sulphate, and calcium chloride were used, and also 
powdered sodium hydroxide and pure phosphoric oxide; this last 
blackens rapidly in impure benzene, but remains quite colourless 
in the pure liquid. All these compounds differ from potassium 
carbonate in forming hydrates with the w'ater, and it is perhaps 
for this reason bha some of them, especially copper sulphate, act 
more slowly, and must be stirred with the liquid for some time 
before their full effect appears. In these experiments, the benzene 
was not in each case distilled over sodium, but a mixture of the 
fractions A 9 and BS, which had been so treated, was saturated 
with water, and after its freezing point had been measured it was 
dried with the salt, and the rise of freezing point so produced was 
observed. 
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Elevation of 
Drying agent. . freezing point. 

None — 

Sodium sulphate 0 024“ 

Potassium carbonate 0*061 

Copper sulphate 0*089 

Calcium chloride 0*091 

Sodium hydroxide 0*098 

Phosphoric oxide 0*100 


Depression by 
water 4* ^ont, 
0 * 100 “ 
0*076 
0*039 
0*011 
0*009 
0*002 
0-000 


Tlie removal of water by phosphoric oxide seems to be quite 
complete. 

The middle column in the above table gives a measure of the 
relative efficiency of the drying agents examined. If water in 
benzene solution is unimolecular, its concentration in the solution 
is proportional to the pressure of its vapour, and hence the 
depression given in the last column is directly proportional to 
the vapour pressure of the system, drying agent-lowest hydrate (or 
saturated solution in the case of potassium carboTiate)-vapour. 

The last column in the following table gives the values of the 
tension of aqueous vapour calculated on this hypothesis. The pre- 
ceding column gives the actual freezing points, based on the 
revised value given by Richards, Carver, and Schumb (see foot- 
note on p. 1340) for pure benzene. 


System. 

Freezing 

Tension of aqueous vapour 

point. 

in mm. 

Beuiene, pure 

«493'’ 

— 

„ saturated with water ... 

539.'! 

6*73 

„ wet + sodium sulphate... 

5-420 

5-11 

„ „ + potassium carbonate 

5*454 

2*62 

„ „ 4- copper s\ilphate ... 

5-482 

0-74 

„ 4- calcium chloride ... 

5*484 

0*61 

„ „ -f sodium hydroxido 

5-491 

0*13 

„ „ -f- phosphoric oxide . 

5*493 

0-00 


The relative efficiency of these substances is, of course, the same 
for drying solutions in any other solvents in which they do not 
dissolve. 


ORGANIC Ckkmistky Laboratokv, 
OxiOKU. 


[Received, Augudt 1920.] 



1344 


ROWE AND DAVIES : 


i'XLY.—Studies in the Acenaphthenc Series. Part 1. 
The Conversion of o-Nitroamines into isoOxadiazole 
Oxides. 

By Khedehick Maukice Rowe and John Stanley Herbert 
Davies. 

In four previous communications (T., 1912, 101 , 2452; 1913, 103 , 
897, 2023; 1917, 111, 612), one of us has shown that many o-nitro- 
amines in the benzene and naphthalene series are converted into 
furoxaus (turazan oxides or isooxadiazole oxides) when oxidised in 
alkaline solution with sodium hypochlorite. In order further to 
lest the generality of this reaction, we have now carried out similar 
experiments in the accnaphthone series. Sachs and Mosebach 
(Her., 1911, 44 , 2852) have shown that whilst the direct nitration 
of acenaphthene yields a dinitro -derivative which contains the 
nitrogroups in the 3:4- or peri-position, the reduction of 3-nitro- 
acenaphthene, followed by acetylation, nitration, and hydrolysis of 
the resulting nitroacctylaininoacenaphthenc, gives rise to 2-nitro- 
3-aminoacenaphtheue. The latter compound, which contains the 
nitro- and amino-groups in the ortho-position with respect to one 
another, has now been submitted to the hypochlorite oxidation. 
Jt is interesting to note that, although the yield of the oxidation 
product was low, the methylene groups of the acenaphthene ring 
remained unaffected, and accnapkthe7ie-2:^-hof).radiazoh oxidr 
was obtained. The corresponding compounds in the benzene and 
naphthalene series possess a characteristic almond odour, and are 
readily volatile with steam, but this compound is odourless and 
non-volatile. It is reduced by hydroxylamine to ac€na 2 }hthent- 
2 ■,o-(juino})edfor/mc, which may be converted into atenn'phihene 
2 :3-ii^ooTadia:oIe in the usual manner, although the yield is not 
good. 

An attempt to rediKje 2-iiilro 3-acetylaminoaceiiaplitheue to the 
corre.sponding ni* iso compound in a similar manner to that used 
by one of us for the preparation of o-nitrosoacetanilide (foe. cit.), 
in order to prepare acenaphthene-2:3-isooxadiazole from it by the 
alkaline hypochlorite oxidation, proved unsuccessful. 

O'Quinonedioximes are readily converted into zsooxadiazole 
oxides by oxidation in alkaline solution with sodium hypochlorite, 
and consequently it was to be expected that the oxidation of 
acenaphthene-7 : 8-quinonedioxime in this manner would yield an 
isooxadiazole oxide derivative of acenaphthene of a different type 
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from that already described. This, in fact, proved to be the case, 
and ace7iaphth€ne-7 ‘.^-hoomdiazole oxide was obtained. On the 
other hand, acenaphthene-7 : S-qninonedioxime resisted all attempts 
to convert it into acenaphthene-7 : 8-wooxadiazole by the removal 
of water. It remained unaffected by prolonged boiling with 
aqueous sodiurti hydroxide, and when heated with aqueous sodium 
hydroxide in a sealed tube, decomposition occurred, with the form- 
ation of acenaphthenequinonc and ammonia, whilst no better result 
was obtained by heating with water in a sealed tube. Moreover, 
treatment of the diacetyl derivative of acenaphthene-7 : 8-quinone- 
dioxime with sodium hydroxide merely resulted in hydrolysis, with 
no dehydration. This failure to dehydrate acenaphthene-7 : 8- 
•quinonedioxime suggests that this compound most probably has the 
structure of a /3(anti)-dioxime (I). The failure of this compound 


hO'N:c — c:n-oh 

0—0 

N N 

AA 

c — ^'c 

1 1 1 
\/\/ 

AA 

1 1 1 

(1) 

\/\/ 

(I!.) 


to give a nickel salt when treated with ammoniacal nickel solutions, 
as described by Atack (T.. 1913, 103, 1317) in an investigation of 
the three slereoisomeric bcnzildioxiines, further supports this view. 

The preparation of acenaphthene-7 :8*750oxadiazole oxide was of 
interest in view of the fact that Francesconi and Pirazzoli 
(Gazzett'a, 1903, 33, i, 36) prepared a compound by boiling 
acenaphthene-7 :8'-quinonedioxiiue with amyl nitrite, to which the 
peroxide formula (II) was provisionally assigned. This compound 
is described as forming reddish-brown crystals, decomposing at 90° 
and melting at 140*^. It is soluble iu organic solvents, with decom- 
position, forming a black substance which does not melt at 260°. 
We therefore prepared a quantity of this compound in order to 
determine whether it was identical or not with acenaphthene-7 :8- 
I’sooxadiazole oxide. After repeated crystallisation, it was obtained 
finally in small, brown needles, decomposing at 190*^ and melting 
at 206‘5°, and, when pure, it was not decomposed by organic 
solvents. This substance possesses quite different properties from 
those of acenaphthene-7 : 8-i5ooxadiazole oxide; for example, the 
former dissolves in cold aqueous sodium hydroxide with a pale 
yellow colour, whilst the latter is quite insoluble in alkali hydr- 
oxides, and, moreover, is readily reduced to acenaphtheue-7 : 8- 
quinonedioxime by hydroxylamine. [t is evident that the two 
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compounds are not identical, and Franeesconi and Pirazzoli s com- 
pound was not examined more closely, but, in view of its properiies, 
it seemed doubtful whether it possesses the peroxide formula 
assigned to it hy these authors. 

When the present investigation was commenced, the literature 
contained no reference to nil ro-derivatives of acenaphthenequinone, 
and it was decided to fill in this blank. After the necessary experi- 
ments had been carried out, however, these compounds were 
described by Mayer and Kauffmann (Ber., 1920, 53, [S], 296). 

The product of mononitration is 3-nitroacenaphthenequinone 
melting at 218° (M. and K. give 199°), which forms a monophenyl- 
hydrazone melting at 234 — 235° (M. and K. give 186°), and the 
product of dinitration is 3 :4-dinitroacenaphthenequinone melting 
■and decomposing above 300°, which forms a mnnofhemjlhydrazone 
darkening at 260° and melting at 287°. 

In conclusion, it appeared of interest to ascertain whether the 
nitro-derivatives of acenaphthenequinone could be prepared by the 
oxidation of the nitro-derivatives of acenaphthene, as the pre- 
paration of a substituted acenaphthenequinone by the oxidation of 
the corresponding derivative of aceiriphthene has been effected 
only in one iuslance, namely, hy Grac-be (^Aiirtalfn, 1903, 327 , 77), 
who found that 5 hromoacenaphthene was oxidised either to broino- 
acenaphthenequinone or bromonaphthalio acid, according to the 
conditions used. Experiments were made with 3-nitro.ice 
naphthene, using a series of oxidising agents under a variety of 
conditions, but it was found that this compound either remained 
nnaffected or was oxidised to 4-iiitronaphthalene 1 :8-dicarboxylic 
acid melting, as anhydride, at 229—230° (Graebe gives 220°), and 
in no case could we isolate any 3-nitroaceuaphthenequinone. 


Experimental. 


.4 cenaphlhene-2 : i-hooxaiUazole Oxide, 


CHj-CH, 

AA 


f ! 1 


-N 

0^1 

N^-O 


The 2-nitro-3-anunoacenap}ithene required was obtained by 
Sachs and Mosebach^s method (loc. cit.). Acenaphthene (m. p. 
96“^) was nitrated in glacial acetic acid suspension, and the product 
extracted with light petroleum (b. p. 90°), in which any dinitro- 
derivative formed simultaneously is insoluble. The yield of 
3-nitroacenaphthene, yellow needles, melting at 101 — 102°, was 
89 per cent. (S. and M. give 84 per cent.). The rexluction of the 



STUDIES IN THE ACENAPHTHENE SERIES. PART I. 1347 

iiitro-compound is best effected in aqueous-alcoholic solution with 
sodium hyposulphite. The yield of 3-ammoacenaphthene, almost 
colourless, silky needles melting at 104 — 105®, was 71 per cent. 
(S. and M. give about 77 per cent, of an almost pure product). 
The monoacetyl derivative is best prepared with acetyl chloride. 
After repeated crystallisation from methyl alcohol, 3*acetylainino- 
acenaphthene, glistening needles melting at 238®, was obtained in 
a yield of 92 per cent. The melting point of this compound is 
greatly affected by traces of impurities; thus Quincke (Ber., 1885, 
21, 1457) gives 176®, Graehe {Annalen^ 1903, 327, 77) gives 186®, 
and Sachs and Mosebach (loc. cit.) give 192°. A number of nitra- 
tions were carried out, but the yield was always low, owing to 
oxidation; 2 - nitro - 3- acetylaminoacenaphthene, golden-yellow 
needles melting at 255®, was obtained in a yield qf 35 per cent. 
(S. and M. give 253°; yield, about 54 per cent.). When hydro- 
lysed with alcoholic hydrochloric acid, 2-nitro-3'aminoacenaphthene, 
blunt, red prisms with a green lustre, melting at 222®, was obtained 
in an almost theoretical yield (S. and M. give 85 per cent.). 

The oxidation of 2-nitro-3-aniinoacenaphtliene was best effected 
by the addition of an excess of alkaline sodium hypochlorite to a 
hot alcoholic solution of the nilroamiue. The mi)Aure was boiled 
for a short time, cooled, diluted with water, and the precipitate 
collected. When crystallised from alcohol or acetic acid, 
acenaphthene-'^-.Z-hooxadiazole o-ckh forms pale brown needles 
melting at 177 — 178®. A yield of 50 per cent, was obtained. The 
compound is odourless, non-volatile with steam, and, when heated 
with zinc dust, ammonia is evolved and naphthalene formed 
(Found: N = 13'32. Cj2Hg02N2 requires N — 13'2 per cent.). 

CHj-CHg 

/\/\ 

Acena'phth€ne-‘2:Z-qti'inon€dioximeA I |•■^r otx • 

N-OH 

This compound was formed by the redijption of acenaphthene- 
2 : S'isooxadiazole oxide with an excess of hydroxylamine (at least 
four molecular proportions). It was difficult to isolate, owing to 
the ease with which it was converted into acenaphthene-2 :3-7so- 
oxadiazole. The best results were obtained by dissolving the 
/.sooxadiazole oxide in alcohol and adding an aqueous solution of 
hydroxylamine hydrochloride, after which the mixture was 
rendered alkaline with sodium hydroxide at 50® and heated for 
twenty minutes on the water-bath at 60®. The brown solution 
was cooled, acidified with acetic acid, and diluted with water. The 
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precipitate was extracted with dilute sodium hydroxide, filtered, 
and the filtrate precipitated with acetic acid. The qiiinone- 
dioxime separates as a colloidal precipitate, which it was not found 
possible to crystallise. When dry, it forms a brown, amorphous 
powder, which decomposes when heated and does not melt below 
280°, sparingly soluble in organic solvents, but dissolving readily 
in alkali hydroxides with a brown colour. On oxidation with 
sodium hypochlorite, it is reconverted into acenaphthene-2 : 3-fso- 
oxadiazole oxide, and, on heating with sodium hydroxide, it is 
converted into acenaphthene-S : 3-«ooxadiazole (Found: N — 13*34, 
C]2H](|0.2N2 requires N-13‘08 per cent.). 


CHj-CHj 

.4 c^naphthene-^l : Z-hooxaduizole, 

\/\/“^ 


, 0 I 

Ni_0 


Aoctiaplithene-2 : 3-qumone;]ioxime was dissolved in dilute sodium 
hydroxide and distilled in a current of steam. The product, after 
recrystallisation from acetic acid, forms yellow needles melting at 
143 — 1440 , jg only slightly volatile with steam, and the yield 
is low, owing to the formation of a large proportion of a black, 
non-volatile decomposition product (Found: N = 14’45. CjjHjONj 
requires N = 14'28 per cent.). 


0 

/\ 

N-O-N 

Acenaphtheiie-7 :S-isoo.raiH{i’ole Oxide, C— -0 

(Y'l 

\/\/ 


The acenaphtliene-7 : 8-quinonedioxime required was obtained by 
Francesconi and Pirazzoli’s method (he. cit.). Five grams of 
powdered acenaphthenequinone (m. p. 259*°) were suspended in 
450 c.c. of boiling alcohol, and 3'8 grams of hydroxylamine hydro- 
chloride dissolved in the minimum quantity of water added. The 
mixture was boiled for one hour under reflux, and the major por- 
tion of the alcohol removed by distillation. The product, colour- 
less needles, melting and decomposing at 220°, was obtained in 
almost theoretical yield. 

An excess of alkaline sodium hypochlorite was added to a solu- 
tion of acenaphthene-7 : S-quinonedioxime in dilute sodium hydr- 
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oxide, and the mixture boiled. A yellow precipitate separated, 
which changed in colour through red to pale pink, and boiling was 
continued until no further colour change occurred. After crystal- 
lising twice from alcohol, the compound forma pale pink needles 
melting at 199 . 

^cenaphthene-7 :i-isooxadiazole oxide is reduced by hydroxyl- 
amine to acenaphthene-1 : 2-quinonedioxime (Found; N = 12-96, 
CbHsO-jNj requires N = 13-30 per cent.). 

CO--CO 

Z-Niiroacenaphtkenequinone, 


Ten grams of acenaphtheuequinoue, dissolved in 50 c.c. of con- 
lentrated sulphuric acid, were nitrated in the cold with one mole- 
sular proportion of nitric acid (D 1-51) mixed with twice its 
volume of concentrated sulphuric acid. At the end of the addition, 
the mixture was warmed for one hour at 30’ and poured on ice. 
The yield was 92 per cent. Purification by immediate crystallisa- 
tion proved unsatisfactory, and the best results were obtained by 
a mild oxidation, which removed the impurities without aSecting 
the nitroquinone. The product (11-5 grams) was dissolved in 
glacial acetic acid, the solution filtered, and 5 grams of powdered 
sodium dichromate were slowly added to the filtrate. The mixture 
■was heated on a boiling-water bath for a quarter of an hour and 
poured into water. After repeated crystallisation from acetic acid, 
3-nitroacenaphthenequinone forms yellow needles melting at 218°. 
It dissolves in sodium hydrogen .sulphite with a red colour, and 
dissolves in dilute alkali hydroxides with a brown colour, whilst 
it is converted by hot concentrated aqueous sodium hydroxide into 
2(or 3)-nitronaphthaldehydic acid, as described by Mayer and 
Kauffmann {loc. cit.). 

3-Nitroacenaphthenequinone is oxidised by sodium dichromate 
and acetic acid to 4-nitronaphthalene-l ; 8-dicarboxylic anhydride, 
almost colourless needles, melting at 229 — 230°, identical with the 
product obtained by a similar oxidation of 3-nitroaceuaphthene. 
When distilled with lime, a-nitronaphthalene is obtained (Found: 
N = 5-93, Calc.: N = 6-17 per cent.). 


/\/\ 
u 


NO, 



1350 STUDIES rtf THE AOMAPHTHBSB 'semes. PAET I. 


Z-I^'itroace'naphthenequinone-l {or ^-monofhenylhydrazonr, 


CO-C;N-NHPh 


\/\/ 


A cold glacial acetic acid solution of 5 grams of 3-nitro- 
acenaphthenequinone was mixed with a cold glacial acid solution 
of 2'i grams of phenylhydrazine, and the dark red mixture was 
left at the ordinary temperature for half an hour, with frequent 
shaking. The inouophenylhydrazone separates as a maroon- 
coloured precipitate. After several crystallisations from pyridine, 
the product forms reddish-brown needles melting at 234 — 235° 
(Found: N = 13-22. Calc.: N = 13-25 per cent.). 


CO-CO 

3 : i-IJiiiilroaceiiaphtheiiequ'tio»c, 

OjN NOj 

Ten grams of acenaphthenequiuone, dissolved in 150 — 200 c.c, 
of oonoentrated sulphuric acid, were nitrated by the addition ol 
a mixture of 7 c.c, of nitric acid (D 1-51) and 20 o.o. of concen- 
trated sulphuric acid. The mixture was cooled at first, then 
warmed to 80°, and poured on ice. The product, after extraction 
with very dilute sodium carbonate, crystallised from nitric acid in 
orange-yellow needles melting and decomposing above 300°. It 
dissolves with a red colour, and is soluble in alkali hydroxides with 
a reddish-bro-wn colour. 

3 : 4-Diuitroacenaphtheneqninoue is oxidised by sodium di- 
chromate and acetic acid to 4 : 5-dinitronaphthalene-l : 8-dicarb- 
oxylic anhydrid''. almost colourless needles, melting and decom- 
posing above ,‘5i0°, identical with the product obtained by the 
oxidation of 3 :4-dinitroacenapht.hene. No dmitronaphthalene is 
obtained when distilled with lime, as 1 : 8-dinitronaphthalene 
decomposes below its boiling point (Found: N = 10-17. Calc,: 
N = 10-29 per cent ). 


./\/ 
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3 : i-Dinitroacenaphthenequinone-7-monophenylhydrazone, 

co-c:n-nhpii 


I 

\ 

0,N 


v\ 

a; 

N NO, 


An acetic acid solution of 2 grams of pheiiylhydrazme was added 
to an acetic acid solution of 5 grams of 3 : 1-dinitroacenaphthene- 
quinone at 50°, and the mixture allowed to remain for one hour 
at the ordinary temperature. On dilution with water, the product 
separated as a reddish-yellow precipitate. It crystallises from 
acetic acid in brown, glistening plates, darkening above 260° and 
melting at 287° (Found: N = 15'57. CjjHijOjNj requires 
N = 15'47 per cent.). 


In conclusion, we desire to express our thanks to Messrs. 
Hardman and Holden, Ltd., who have kindly supplied us with the 
aconaphthene required in this investigation. 

DvESTurrs Rese.\bch Laboratokv, 

Mdhioipal Colleoe op Teohkolooy, 

Manchester. [Itcceivcd, October 8tli, 1920.] 


jX.JNL~-Diethyle7ietnamm€ ajid Trkthylenetetraminei. 

By Robert George Farghee. 

The interaction of etliylene dicViloride and a large excess of 
immonia has been investigated by Kraut [Aiinalen, 1882, 212, 
253), who considered that it led almost entirely to etliylenediamine,, 
ullliough the reaction of the alcohol-soluble portion of the mixed, 
hydrochlorides with potassium bismuth iodide indicated that a- 
small proportion of piperazine was formed. 

The author had occ.asioii to prepare several kilograms of etliylene- 
diamine, essentially by Kraut’s method, and it was thought to be^ 
of interest to investigate in more detail the other products of the 
reaction. The hydrochlorides obtained by evaporation of the 
product were converted into the corresponding bases and fraction- 
ally distilled. The portion of higher boiling point consisted mainly 
pf diethylenetriamine, whilst there was also produced, although in 
buch smaller quantity, triethylenetetramine. The intermediate^ 
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cyclic bases, piperazine and triethyleuetriaminc, appeared to be 
absent. Of tke two bases isolated, the former was first obtained 
by Hofmann (Proc. Itoy. Soc., 1860, 10, 619), admixed with 
triethylenetriamine, by the action of ammonia on ethylene 
dibromide, and was separated by the more sparing solubility of 
its platiniohloride; the second base he obtained by the interaction 
of ethylenediamine and ethylene dibromide (foe. cit.), ethylene 
dibromide and alcoholic ammonia (for. cit.), and ethylenediamine 
and ethylene dichloride (Her., 1890, 23, 3712). For purposes of 
identification and characterisation, a number of derivatives of both 
have been prepared. 

It is of interest to record that the direct union of ethylene with 
chlorine, utilised in the preparation of the ethylene dichloride 
required in the present experiments, shows that electrolytic 
chlorine from a freshly charged cylinder is considerably more 
active, under identical conditions, than that prepared from bleach- 
ing powder. This is in accordance with the view that chlorine is 
activated by exposure to an electric discharge (compare Kellner, 
Zeilsch. Ehktrochem., 1902, 8, 500; Russ, ilonatsh., 1905, 26, 
627 ; Briner and Durand, Zcitsch. Elektroehem., 1908, 14 , 706), 
and that chloriuo prepared by electrolysis is more active towards 
hydrogen (Chapman and MacMahou, T., 1909, 95, 135). 

Contrary to the experience of Buss (Vhem. Ind., 1908, 31 , 131), 
the increased activity is not lost by heating or by contact with 
water or solutions of such salts as calcium chloride or potassium 
chlorate. As an example, the fractionation of the products of two 
experiments may be cited, the results being representative of many 
others. In the first, using chlorine from bleaching powder, 92 per 
cent, of the product distilled between 84° and 88°, only 4 per cent, 
passing over at a higher temperature. In the second, using 
chlorine from a freshly charged cylinder, only 7 per cent, distilled 
between 80° and 90°, 25 per cent, passing over between 90° and 
100°, 50 per cent, between 100° and 120°, and 14 per cent, above 
that temperature. 

As an alternative to the Kraut process, the reduction of amino- 
acetonitrile wf.L investigated. The catalytic reduction with 
hydrogen under pressure in the presence of nickel suboxide had 
already been claimed to yield ethylenediamiue (Brit. Pat. 21883 
of lOWl. Reduction with sodium and alcohol, zinc and hydro- 
chloric acid, end iron and hydrochloric acid also yielded ethylene- 
diauuiie, although, as hydrolysis of the nitrile proceeded 
simultaueously, the yield never exceeded 33 per cent, of the 
theoretical. 
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Experimental. 

Separation of the Bases. 

The bases obtained by distilling the mixed hydrochlorides with 
solid sodium hydroxide, preferably under somewhat diminished 
pressure, were freed from water by means of solid sodium hydr- 
oxide* and then distilled, first under the ordinary pressure to 
remove most of the ethylenediamine hydrate, and then under 
20 mm. There was first obtained a small fraction boiling below 
100^ which consisted almost entirely of ethylenediamine, and after 
this most of the remaining oil passed over between 100° and 120°. 
The temperature then rose to 155° without remaining constant at 
any intermediate point, and a fraction was collected boiling 
between 155° and 165°/20 mm. The first fraction proved to 
consist almost entirely of diethylcnetriamine, which distilled at 
109°/20 mm. The second fraction on redistillation boiled at 
157°/20 mm., and proved to be triethylenetetraniine. 


Diefhylenctriamine and its Derivatives. 

Dieihyleiietriamine dissolves in water with the evolution of heat 
and apparent formation of a hydrate. The aqueous solution of 
the base gives copious, white precipitates with potassium mercuri- 
iodide, mercuric chloride, or phospliotungstic acid, soluble in expess 
of the base, but no precipitate with tannic acid. It reduces silver 
nitrate on warming. The alcoholic solution yields an insoluble 
carbonate when treated with carbon dioxide. Attempts to titrate 
the base with standard acid, using methyl-orange, Congo-red, 
litmus, or cochineal as indicator, proved unsuccessful, as no 
definite end-point could be obtained. For analysis, it was finally 
distilled over a little solid sodium hydroxide, and was afterwards 
kept out of contact with moisture or carbon dioxide (Found: 
0-46-3; H-13-1; N = 40-3. Calc.: H-12'7; N = 40-75 

per cent.), 

The trihydrochloridc (Hofmann. Vroc. Boy. Soc., 1862, 11 , 
420) separates from aqueous alcohol containing excess of hydrogen 
chloride in bunches of feathery needles which melt at 233° (corr.), 
sintering from 225° (Found: Cl = 50-1, 50'2; N-19'6. Calc.: 
CI-dO'I; N — 19'8 per cent,). 

The tripicrate is sparingly soluble, even in boiling water, and 
crystallises in glistening, flattened prisms which melt and decom- 


* It id not sufficient simply to distil over sodium hydroxide. 
VOL. CXVII. 3 D 
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pose at 212° (corr.) (Found: K=21’5. CiHjjNjjSCuHjOjNj 
requires N = 21'3 per cent.). 

The oxalate crysiallises from water, in which it is readily soluble, 
in flattened prisms containing dHoO. After drying at 110°, it 
melts and effervesces at 183° (corr.) (Found: loss at 110° = 13'0. 

requires H20 = 13-l per cent. In dried 
substance, N — 17‘5. 2C,IIi3Ng,3C^H20^ requires N — 17’6 per 
cent.). 

The citrate is practically insoluble in alcohol, ether, or chloro- 
form, but readily so in water, from which it separates in well- 
defined, rhombic prisms containing IHjO. After drying at 110°, 
it melts and effervesces at 206°, sintering from 200° (Found ; loss at 
U0° = 6'3. C,Hj3Nj,CjHj 0;,H20 requires H20=6'8 per cent.). 
In dried substance, N = 14'4. C 4 Hj 3 Nj,CeH 30 j requires N = 14'2 
per cent.). 

The triacetyl derivative is practically insoluble in alcohol or 
light petroleum, but very readily soluble in water. It separates 
from 70 per cent, alcohol as a felted mass of needles, which, in 
contact with the solvent, change to well-defined prisms melting at 
220° (corr.) (Found: Ni=18 0. CjjIIijOjNj requires N = 18'3 per 
cent.). 

The tribenzoyl derivative is very sparingly soluble in ether, 
or light petroleum, but readily so in water or alcohol. From 
chloroform it separates in small, flattened prisms containing one 
molecule of the solvent, which is gradually lost on exposure to the 
air, but regained oii keeping over chloroform in a desiccator. After 
removal of the solvent of crystallisation, it melts at 166° (corr.) 
(Found: CHCl3=21-9. After forty-eight hours, this had 
diminished to 161 per cent. In dried substance, C = 71'9; 
H~61; N = 10'l. C25 Hj 503N3 requires C=^72-2; H = 61; N = 10l' 

per ceut.). 


TrkthyJenettiramine and its Derivatives. 

Triethylenetetramiiie behaves very similarly to diethylenetri- 
amine ni its reactions, dissolving in water with evolution of heat, 
forming an insol. ble carbonate when carbon dioxide is passed 
through its alcoholic solution, and giving precipitates with 
potassium meccuri-iodide, mercuric chloride, and phosphotungstic 
acid It reduces s’-lver nitrate on warming. For analysis, it was 
finally distilled over solid sodium hydroxide (Found; C = 48'8' 
C-A9-3; H = 12-4; N = 38'3 per cent.)! 
fhe tetrahydrochloride separates from 70 per cent, alcohol con- 
tainmg excess of hydrogen chloride in minute needles (Found: 
Cl — 48 0. Calc.: Cl— 48’5 per cent.) 
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The tetrapicrate is very sparingly soluble, even in boiling water, 
from which it separates in fern-like clusters of minute, rhombic 
prisms melting and decomposing at 240° (corr.) (Found: N = 20'7. 
requires N = 21-l per cent.). 

The hydrogen oxalate is sparingly soluble in water, and separates 
in glistening needles, which effervesce at 243° (corr.) and contain 
IH 2 O (Found; loss at 110°=3*0. IH. 2 O requires 3'2 per cent. 
In dried material, C = 33-3; H = 5'5; N = 10-9. 
requires 0 = 33-2; H=5-2; N = ll-1 per cent.). 

The tetrabenzoyl derivative dissolves sparingly in water or 
alcohol, but readily in chloroform. It separates from a mixture 
of chloroform and alcohol in fine, powdery crystals melting at 
238° (corr.) (Hofmann, Ber., 1890, 23, 3717, gives 228—229°) 
(Found: C = 72-8; H = 6-5; N=9-9. Calc.; C = 72-55; H = 6'l; 
N = 10'0 per cent.). 


Methyleneaminoacetonitrile and Aviinoacetonitrile. 

Methylenearainoacetonitrile was prepared substantially by the 
process described by Klages {Ber., 1903, 36, 1511). It was found, 
however, that the time of addition of the cyanide could be 
materially decreased without detriment to the yield so long as the 
temperature was maintained below 10° during the first half of 
the addition, and below 15° during the second. It was readily 
converted into aminoacetonitrile hydrochloride by shaking with 
the calculated quantity of il'-alcoholic hydrogen chloride, the yield 
amounting to 90 per cent, of the theoretical. 


BeducUon of Aminoacetonitrile Hydrochloride. 

With Sodium and Alcohol. — Twenty grams of the hydrochloride 
were added to 60 c.o, of alcohol in which 5 grams of sodium had 
previously been dissolved, 80 grams of sodium were added, and, 
after the first violent reaction had ceased, the mixture was heated 
on the water-bath, 250 c.c. of alcohol being gradually added. 
After about an hour, most of the alcohol was removed by distilla- 
tion, a little 90 per cent, alcohol added to ensure that the sodium 
was all used, water added, and the mixture transferred to a copper 
ilask and distilled to dryness under somewhat diminished pressure. 
The distillate was boiled to remove ammonia, neutralised with 
hydrochloric acid, and concentrated to crystallisation. The yield 
of ethylenediamine dihydrochloride varied from 25 to 33 per cent, 
of the theoretical. 

With Iron and Hydrochloric Acid. — Five grams of aminoaceto- 

3 D 2 
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uitrile hydrochloride were dissolved in 100 c.c. of water, 16 grains 
of iron filings added, and 50 c.c. of lu'drochloric acid added slowly 
during an hour, with shaking. At the end of the reaction, the 
product was evaporated to dryness, distilled from a copper flask 
with sodium hydroxide, and the base in the distillate isolated as 
hydrochloride. Tlie yield amounted to 10 per cent, of the 
theoretical. 

With Zinc and Hydrochloric Acid . — To a solution of 6'8 grams 
of the hydrochloride in 100 c.c. of water, 30 grams of zinc were 
added, and 70 c.c. of concentrated hydrochloric acid added, as 
above, the product being then treated as in the previous reduction. 
The yield of ethylenediamine dihydrochloride amounted to 25 per 
cent, of the theoretical. 

In conclusion, the author would thank Messrs. R. R. Baxter 
and .1, A. Goodson for assistance in the preparation of the ethylene 
dichloride and ethylenediamine which formed the basis of the 
investigation. 

Wellcome Chknuc-^l Rv:^IE.'vncK Labohatories, 

Loxdon. Sc.ytembfr Z ^ th , 1920 ,] 


CXLVIL — The Constitution of CarbaniuJes, Fart XIII. 
The Conslilution of Cyank Acid, and the 
Formation of Urea from the Lateraction of 
Amiuouia and Cyccnic Acid at Low Temperatures, 

By Emii, Alphokse Webner and William Robert Fearon. 

The theory which has been put forward by one of us to explain 
the coustitution ot^urea, and the mechanism of its formation from 
aminoiimm cyarate (T., 1913, 103, 1013, 2276; 1918, 113, 84), is 
based, primarily, on the conception that cyanic acid, whether' in 
the sialic condilioii or in solution, is an equilibrium mixture 
represented thus : 

Promoted Ijj- rise oft. 

(enolfor,.,) HO-CN HNXO (heto-form). 

htaUe ot'ly at low Pioimted by fail of f. Stable at hish 

.empeia.ure. temperature. 

Since cyanic acid is at all times very unstable, the stability 
referred to above is only relative. Permanent stability is only 
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attained by polymcrisatioii, witli tke production of cyanuric acid 
from tbe keto-form and of cyaruelide from the enol-form of the 
acid {loc. cii.). 

Now, the ease with w'hich ammonium cyanate is changed to urea 
is indicative of a close similarity in structure, and hence the con- 
stitution of cyanic acid is a question of paramount importance in 
solving the problem of the relation which exists between the two 
isomerides. 

There are two reasons why previous investigators have given 
either little or no consideration to this important question, namely, 
the apparent uncertainty which has been assumed to exist as 
regards the nature of cyanic acid, and the general acceptance of 
the “carbamide” formula, which has all along masked the true 
relationship between urea and ammonium cyanate. 

As a matter of fact, the constitution of cyanic acid is clearly 
indicated by {a) its polymerisation, and (6) its hydrolysis and 
behaviour towards ammonia at low temperatures. 


(a) Fohjvierimiion of Cynvk Aci<1. 

Senier and Walsh (T., 1902, 81. 290) showed that the 
spontaneous polymerisation of cyanic acid yielded a product which 
contained, in round numbers, 70 per cei]t. of cyanuric acid and 
30 per cent, of cyamelide. This was the result of a single experi- 
ment, in which no particular effort was made to control the 
temperature at which polymerisation took effect 

If the theory of the polymerisation of cyanic acid vdiich was 
propounded by one of us is sound (T., 1913, 103, lOlG),* and if 
cyanic acid is an equilibrium mixture, as indicated above, it follows 
that its composition at any particular temperature will be revealed 
by the relative proportions of the two polymerides formed. This 
inference, which was predicted when the theory w^as put forward, 
has now been verified by analyses of the products formed when 
liquid cyanic acid polymerised at different teq[iperatures. 

At zero the acid was stable for about four hours, provided it 
was not agitated, and it polymerised slowly. In order to obtain 
a reasonable control of the temperature at which polymerisation 
took place, only very small quantities of the acid were dealt with 
in each experiment (see experimental part). 

The results were as follows : 

• For tho sake of brevity, the theory is not reproduced h^e ; in order to 
appreciate the significance of tho results obtained it is necessary to consult 
the paper on the mechanism of the polymerisation of cyanic acid to which 
reference is made. 



1358 


WERNER AND FEARON : 


Table I. 

Tcmpfrttture Percentage composition of 

of Weight Cyanuric polymeride. 

polymerisation of acid ^ 

(approximate), polymeride. found. Oyamelide. Cyanuric acid. 
0° 0-63 gram. 0-216 gram 69-2e 40-76 

5 0-42 „ 0-174 „ 58-58 41-42 

10 0 105 ,, 0-045 „ 67-27 42-73 

20 0-24 „ 0-136 „ 42-93 67-08 

In several experirnents, where the acid polymerised when the 
containing vessel was plunged into water at 20°, the temperature 
rose suddenly to about 70°, and the proportions of cyanuric acid 
formed were from 70 to 80 per cent. Since the latter acid is almost 
the sole product found when polymerisation takes place at high 
temperatures, as, for example, when urea is heated above its melt- 
ing point (132°) (T., 1913, 103, 2276), it follows that, under such 
conditions, cyanic acid is liberated in the keto-form. Liquid 
cyanic acid, on the other hand, must be an equilibrium mixture, 
the comjiositioit of which is a function of the temperature; thus, 
at 0°, it may be reprcsenled as approximately 

HO-CN HNXO 
60 per cent. 40 per cent. 

(b) Hydrolysis of Cyanic Acid, and its Heaction with 
Ammonia at Loin Temperatures. 

Whenever urea is formed in a reaction where cyanic acid and 
ammonia are concerned, it has always been assumed that it must 
originate from the transformation of ammonium cyanate produced 
in the first instance. Since the difference between the two 
isomerides is nothing more than that of the products of the union 
of ammonia with the enol- and keto-forms, respectively, of cyanic 
acid, it is obvious that the above assumption is superfluous. 

A quantitative study of the hydrolysis of cyanic acid has sup- 
plied convincing evidence that both isomerides are simultaneously 
formed when a,, monia reacts w-ith the acid at low temperatures. 
Not less than six consecutive changes are involved during the pro- 
gress of this reaction, and these are conveniently divided into two 
groups, as follows-. 

Primary changes; 

(1) (HOCN — HNCO) + H„0 = CO.,-fNH3. 

(2) HOCN + NH3=NH4-OCN. 

(3) HN:CO.^NH. = HN:C<^'^*. 
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Secondary changes : 

(4) NH3 + C0i, + Hj0=NH4HC03. 

(5) Formation of biuret from interaction of urea and HNCO. 

(6) Production of cyamelide. 

The main question was to prove the validity of reaction (3). 
This was successfully accomplished when an approximately N ji- 
solution of cyanic acid was allowed to hydrolyse at 0°. Under 
such conditions, the secondary changes were almost completely 
suppressed up to the point at which the primary changes were 
completed. A solution of cyanic acid was prepared by the addi- 
tion of the theoretical amount (62-5 c.c.) of A-nitric acid to 5’05 
grams of pure potassium oyanate dissolved in 187'5 c.c, of water. 
The solution (250 c.c.) was prepared at 0°, and maintained at this 
point during all the analyses. 

The following results were obtained with 25 c.c., taken at 
intervals of fifteen minutes (Expt. II). 


Tabie II. 



Cyanic acid present 

Urea formed 


Time in 

(free, and as NH,OCN). 

(theoretical). 

Urea found. 

minutes. 

Gram. 

Cram. 

Gram. 



0'230* 

— 

— 

15 

0 as 

0 024 ] 

0-018 

30 

01 65 

0-045 Total urea 

0-038 

45 

0-129 

0-070 J-at this stage 

0-063 

60 

0-109 

0-084 =^0-3 13. 

0-081 

75 

0-101 

0-090 j 

0 087 

90 

0094 

0-094 

0-089 

1230 

0-001 

0-118 

not estimated. 


• 0-267 Gram is tlie theoretical ammmt. from the weight of potassium 
cyanate taken. The deficiency found at tho outset tvas duo to; (a) loss by 
volatilisation— the solution had a very pungent odour ; (6) time elapsed during 
addition of nitric acid, and impossibility of avoiding to a small extent the 
change HOCN -f H,0 + HNO, =NH4NO, + CO.,. 

The theoretical values for urea formed were calculated from the 
amounts of cyanic acid which had disappeared after each interval 
on the basis 2HNCO — > CON^H^. 

It will bo seen that, under the conditions stated, the hydrolysis 
of cyanic acid was comparatively slow ; thus, about ninety minutes 
were required before all free acid had disappeared. At this stage 
the three primary reactions had been completed, hence there was 
no object in estimating urea formed beyond this point, since it 
could only then arise from the slow transformation of ammonium 
cyanate, as a result of its hydrolytic dissociation, thus ; 

NH 40 CN=NH 3 + H0CN =:hNCO. 
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Tliis is strikingly shown by the last result, where, in the interval 
between 90 and 1230 minutes, only 0‘033 gram of cyanic acid (as 
ammonium cyanate) had been removed, and when this is considered 
in connexion with the fact that in 75 minutes from the commence- 
ment of the change 0-313 gram of urea was formed, there can be 
no doubt that the latter can only have been produced as the direct 
result of reaction (3). Now, after 75 minutes, when the disturb- 
ing effects of reaction (4) were just noticeable,* half of the solution 
(125 c.c.) had been used, that is, 115 grams of cyanic acid, capable 
of yielding O'S gram of either urea or ammonium cyanate, had 
taken part in the completion of reactions (1), (2), and (3). Hence 
(O'g — 0-313) 0-487 gram of ammonium cyanate was formed, which 
shows that cyanic acid, in aqueous solution at 0°, had reacted with 
ammonia as a mixture of HOCN = 60-9 per cent, and of HNCO = 
39-1 per cent., a result almost identical with that arrived at from 
the study of the polymerisation of the anhydrous acid at the same 
temperature. 

As regards the secondary changes, the production of biuret con- 
firms reaction (3), since it must be a sequence of it (compare 
Werner, T., loc. cit.; P., 1914, 30, 262), and whilst its formation 
does not affect the above result as regards the proportion of cyanic 
acid which reacted as HNICO, its presence was mainly responsible 
for the low values found for urea formed in the early stages of 
the reaction. In agreement with theory, the formation of biuret 
was largely confined to this period. 

The production of a trace of cyamelide in these experiments 
proves that cyanic acid was liberated in the enol-form, since the 
generation of this polymeride takes effect from the change 
HOCN — > HNCO. When a solution of ammonia in pure ether 
at -8° was gradually added to a similar solution of cyanic acid, 
the crystalline product which immediately separated was found to 
be a mixture of ammonium cyanate and urea in the proportion of 
6 to 2-6 respectively. 


Note >n the Xanthhydrol Test for Vrea. 

The use of xanthhydrol for the detection and estimation of urea 
depends on the formation of a very sparingly soluble condensation 
product. Fosse {Comyt. rend., 1907, 145, 813; 1913, 156, 1938) 
recommends pure acetic acid as the solvent in applying the test. 
This introduces certain limitations, and where the detection of a 

• For this reason, 75 minutes must be taken as the limit up to which the 
ehangB had proceeded undisturbed in accordance with the primary reactions. 
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trace of urea in a relatively large volume of water is desired, tlie 
process is tedious. 

As a matter of fact, xanthhydrol is not a test for “free” urea; 
thus, in alcoholic sohition, no reaction was effected, even after 
heating at 100° in a sealed tube for several days. After the addi- 
tion of one drop of concentrated hydrochloric acid, the condensa- 
tion product was precipitated, and its formation was completed 
within ten minutes. The solubility of dixanthylurea in pure 
alcohol at 15° was equal to 0'009 gram in 100 c.c. 

A salt of urea must be formed in order to bring about the 
necessary configuration of the urea molecule before it can react 
with xanthhydrol, and, in accordance with this view, the test can 
be applied as follows. 

A saturated aqueous solution of xanthhydrol (containing 0T3 
gram in 1000 c.c. at 15°) is readily prepared by adding the reagent, 
previously dissolved in 2 c.c. of alcohol, to a litre of boiling water. 
The cold solution (filtered, if necessary), when added in consider- 
able excess (not less than 6 vols. to 1) to an aqueous solution con* 
taining urea to which a few drops of hydrochloric acid have been 
added, will reveal 1 part in 10,000 within fifteen seconds, whilst 
1 part of urea in 800,000 can be detected in about ten minutes. 

The solution of xanthhydrol loses its sensitiveness after about a 
week, on account of gradual oxidation to xantbone. 

Experimental. 

I. Polymerisation of Cyanic Acid . — The results given in table I 
were obtained as follows: cyanic acid was prepared from pure, 
dry cyanuric acid, which was heated electrically in a hard glass 
tube so arranged that the heating could be continued right up to 
the neck of the receiver. The construction of the latter was such 
that liquid cyanic acid collected in the narrow' space between an 
inner and an outer vessel, each of which was kept at 0°. A 
relatively large surface of the acid was thus maintained at a 
constant temperature, and by careful avoidance of agitation, which 
was found to be a great promoter of the change, polymerisation 
was allowed to proceed as slowly as possible. The ice in the outer 
vessel only was displaced by water at the temperature at which 
it was desired to bring about polymerisation ; in this way only was 
it possible to control, within reasonable limits, the temperature at 
which the change took effect. 

A weighed quantity of the polymeride was extracted with hot 
Water ; the cyanuric acid present was estimated by titration with 
iV/ 10-sodium hydroxide, using phenolphthaleiu as indicator. 

3 D* 
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Whilst it was necessary to prepare small portions of cyanic acid 
for each experiment, the values given represent the mean of many 
more experiments than are recorded. 

n. Formation of Urea at 0°.— Cyanic acid was estimated by 
precipitation with an excess of silver nitrate, and the silver 
cyanate, dissolved in dilute nitric acid, was titrated by Volhards 
method. The filtrate, freed from the excess of silver, was rendered 
just alkaline by addition of pure lime, and, after the removal of 
all traces of ammonia, urea was estimated in the residue by (o) 
the " hypobromite ” method, (6) decomposition by urease, and 
(c) precipitation with xanthhydrol. The presence of biuret was 
proved by the coj)per test. 

Part of the ex})ense of this research was defrayed by the 
Mackinnon Research Studenl.ship of the Royal Society granted to 
one of us (W.R.F,). 

Ukiversity Chemical Larokatobv, 

Trinity College, Dublin. [Received, September 22nd, 1920.] 


CXLVIII.— r/ic Chenmlrii of Polycyclic Stmctures in 
llclation to their HomocycUc Unsaluraled 
laomerides. Part I. Some Derivatives of cyclo- 
Pentene and dicycloPentaiie. 

By Ernest Haholu Farmer ami Christopher Kei.k Inoold. 

Perkin and Thorpe (T., 1D01, 79, 729) showed that when ethyl 
aa'-dibi'oiuo-j0/3-diinethylglutarate is condensed with ethyl malonate 
in the presence of an excess of sodium ethoxide there is formed a 
remarkable yellow sodium compound, to which hitherto the 
formula I has been ascribed. Numerous derivaf.ives of this sub- 
stance were prepared both by hydrolysis and by alkylation and 
subsequent hydrolysis, and many of the products so obtained were 
subjected tojaxidation and reduction. Much more recently, one of 
us, in conjunction with Prof. J. F. Thorpe, prepared from ethyl 
aa^-dibromocyc?ohexane-l : 1-diacetate a second, rather similar 
yellow sodium comj-juud (11). This also yielded a large number 

^^^®^<C(CO.E0-CO 

(I-) 

C{GO,Et)-C:C(ONa)-OEt 

(II.) 
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of hydrolytic products analogous, broadly speaking, to those of the 
r/««-dimethyl series, but exhibiting a number of very striking 
differences, which were studied in some detail (T., 1919, 115, 320) 
and correlated in a definite manner to the constitutions of the 
substances concerned. 

In the course of neither of these investigations has there been 
discovered any fact which could reasonably be regarded as casting 
doubt on the bridged structures assigned to these sodium com- 
pounds and to their more immediate derivatives. On the contrary, 
much evidence confirming these strnctures has been accumulated. 
The principal item consists, of course, in the mode of formation 
of the sodium compounds. Thus, when ethyl aa'-dibromo-;3j8-di- 
methylglutarate is treated with two molecular proportions of ethyl 
sodiomalonate, there is formed the sodium compound of an ester, 
which, as it can readily bo alkylated, cannot but have the structure 
III. This structure is quite inevitable, and is strictly analogous 
to that of ethyl ethoxycaronate (IV), which is formed by the action 
of sodium ethoxide on the dibromo-estcr. The ester (HI), on being 
treated with sodium in xylene, or with an excess of alcoholic sodium 
ethoxide, loses one molecule of ethyl alcohol, and is converted into 
the yellow sodium compound, which therefore must have either 
formula I or formula V. Of these, the former alone is capable of 




(III.) 


CMe2< 


C(CO,Et)-OEt 

CH'CO,,Et 


(IV.) 


/C\-C(CO,Et):C(ONa)-OEt 
CMe/ y:o 

CO^Et 

(V.) 


iiterpreting ihe many decompositions of the substance. 

Quite recently, doubt has been cast by Toivonen 1919, 

119, 176) on the bridged constitution which has* hitherto been 
ssigned to these compounds. When the sodium compound (I) is 
lydrolysed by acids, it yields, first, a dibasic acid (VI), and, finally, 
monobasic acid (VTT). This monobasic acid was obtained by 

CO 

(I-) (VI.) 


CMe. 




,(;:(C0jEt)-c:c(0Na)-0Et 

((C02Et)-C0 


Clie,< 


C(COjH)-(^H 

CH CO 

(VTI.) 


I 


3 B* 2 
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Toivonen in the course of some experiments on the oxidation of 
isodehydrofenchoic acid, and, as a result of his investigations, he 
formed the opinion that, not only this acid, but all the compounds 
of the series, including the yellow sodium compound itself, were 
unsaturated substances containing the cyc/opentene, and not the 
f/icyc/ofjeniane, ring system. Thus, according to Toivonen, the 
sodium compound would be represented by the formula VIII, the 
dibasic acid by IX, and the monobasic acid by X. Toivonen found 


CMe,< 


,C(C02Et)=:=-=C-C0aEt 
C[:C(ONa)*OEt]'CO 
(VIIL) 


^“e2<Og(QO,H)-CO 

(IX.) 



CH 

-CO 


lliat tlio oxiflalion of Modehydrofenchoic acid by alkaline per- 
manganate proceeded in two stages. In the first place, a diketonic 
acid (XI) was produced. This then underwent internal condensa- 
tion under the influence of the alkali, and gave Perkin and Thorpe’s 
acid, with the elimination of one molecule of water. Toivonen 
represents this reaction as follows; 


C'M'e3< 


CO’COjH 

CHpCO-Clf, 


(XI.) 


CMe,< 


,c(C05H);ch 

6o 


CH,- 


(X.) 


We therefore have two methods of formation of one and the 
same substance which are e.xoeedingly difficult to reconcile with 
one another. In fact, one must either assume that the conversion 
of the ester (III) into the yellow sodium compound, instead of 
being a simple Dieekmann condensation, is a remarkable change 
involving the rupture by alcoholysis of the cyclopropane ring, 
possibly as in |he following scbeme: 


CMe,< 


(:{COjEt)-CH(COjEt)2 

CH-COjEt 


“^CHj-COjEt 


CMe /C(CO.Et)(OEt)-CH-CO,Et 
^^CH(CO,Et) CO 


CMC /C(CO,El)=C;-CO,Et 
‘^CH{CO,Et)-CO 


nr regard the internal condeiisalion I'-f (Umetliyldiketohexoic acid 
(XI) as lasing place in two stages. In the first place, there niiisi 
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be formed a cyclic aldol condensation product (XII), whicli is llien 
(iehydrated across the cyclopentane ring : 


^CO-CO„H 

CMe2<o„ 


CMej< 


.C(OH)(COjH)'CHj 


ClI,- 


-co 


(XI.) 


(XII.) 




-CO 


(VII.) 


Both alternatives appear almost equally extraordinary. 

The subject therefore obviously required fresh investigation, and 
some months ago we were asked by Prof. J. F. Thorpe to under- 
take this work, and there have now been obtained results which 
show unquestionably that, for the series of compounds with which 
we are here concerned, the bridged, and not the unsaturated, 
constitution is correct. 

Turning, first, to the facts which have already been placed on 
record, one observes two reasons why the formute suggested by 
Toivonen cannot be regarded as adequate. The first concerns the 
(iibasic acid, the bridged formula for which is VI, tlie donble- 
bonded formula IX. That the aUernative formula, XIII and 


(XIII.) 


,C(COjH):C’COjH 




-CO 


(XIV.) 


XIV, are incorrect is proved by the fact that the acid is a tauto- 
meric substance; it readily gives a coloration with ferric chloride, 
and its ester can be alkylated. Now an acid of the formula IX, 
in which, as an examination of structural models shows, the 
carboxyl groups are actually further apart than is the case with such 
compounds as Intns-hexahydrowophthalic acid or cw-hexahydro- 
terephthalic acid, would not be expected to form an anhydride. 
Actually, however, the acid does form an anhydride with the 
greatest of ease, a fact which is in full accordance with the bridged- 
ring formula (VI). 

The second point arises in connexion with the ester produced by 
methylating the yellow sodium compound with methyl iodide. 
The bridged and unsaturated structures for this substance are 
shown in formulae XV and XVI. On treating with alcoholic 
potassium hydroxide, there is formed the lactone of a hydroxy- 
tribasio acid, the production of which involves (a) the hydrolysis 
of all three carbethoxyl groups to carboxyl;. (6) the loss of one 
carboxyl group by elimination of carbon dioxide; (c) fission, with 
the addition of water in the immediate neighbourhood of the 
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ketone group, whicli thus becomes a carboxyl group j {d') a further 
fission, with the addition of water. Now, whether formula XV 


f'M, /C(CO,Et)-CMe-CO,Kt 
*^C(CO,Et)-CO 
(XV.) 


C5Iej<^ 


C(CO;Et)==C-COjEt 

CMe(’cO,Et)-CO 

(XVI.) 


or formula XVI is adopted, process (o) can only take place in one 
way, process (6) in two ways, and process (c) in two ways. If one 
adopts the structure XV, the addition of a further molecule of 
water, process (d), mu.st involve the fission of one of the cyclo- 
propane bonds. This could take place in six ways. On the other 
hand, if formula XVI be accepted, the addition must take place 
at the double bond, since the product is fully saturated. This 
might occur in two ways. On considering the combinations of 
these possibilities, one observes that, as many lead to the same 
formula;, there are but six possible structures for such a hydroxy- 
tribasio acid derived from an ester of the constitution XV, and six 
from an unsaturated ester of the constitution XVI. The proper- 
ties of the lactone (loo. oil.) show, however, that in the correspond- 
ing hydroxy-acid, (o) the hydroxyl group is in the y-position with 
respect to one of the three carbo.xyl groups; (li) that no two 
carboxyl groups are attached to the same carbon atom; (c) that the 
two carboxyl groups, other than that to which the hydroxyl group 
is in the y-position, are attached to two carbon atoms directly 
united. These conditions reduce the ntimher of possible formula: 
derived from the structure XV to three, one of which is the 
accepted one. and the number from XVI to one only, namely, 
XVII. It will be seen that this differs from the customary formula 


/C(CO,II)-CH/CO,H .C(CO.,H)-CHMe-CO„H 

XcHMp-CO-0 ^CH,-C0-0 

(XVII.) (XVIII.) 

(XVIII) only in the position of the single methyl group. The 
difference, however, is an important one, as the lactonic acid was 
found to exist in two forms, namely, a cfs- and a trans-form (or 
meso- and racemic), each of rvhich yields its own anhydride, that 
of the (ran.s-lact nic acid passing on distillation into that of the 
c!s-lactonic acid. Tliis property is characteristic of substances of 
the type of -<-diraethy]snccinic acid, and clearly proves that there 
exists in the molecule of the lactonic acid a free, open-chain succinic 
acid residue in which both the carboxyl-bearing carbon atoms are 
asymmetric. This condition is fulfilled by formula XVIII, but 
formula XVII is obviously incorrect, as it lacks one of the necessary 
asymmetric carbon atoms in the succinic acid group. One must 
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therefore conclude that the unsaturated structure XVI for the 
metbylation product of the yellow sodium compound is incapable 
of interpreting the properties of the products obtained by 
hydrolysis. 

Toivonen, however, was more deeply impressed with the 
behaviour of the monobasic acid on oxidation. Perkin and Thorpe 
had shown (loc. ciL) that, when treated with alkaline perman- 
ganate, it was converted into aa dihydroxy-^/5'dimethylglutaric 
acid (XXII). Toivonen proved that the reaction could be carried 
out at the ordinary temperatures, and, as it is capable of being 
easily explained along conventional lines if the unsaturated struc- 
ture be assumed, he saw in it conclusive confirmation of this method 
of formulation. The successive stages are as follows: 


CO ^ 

(JO 

(X.) 

(XIX.) 


> - 

(XX.) 

(XXI.) 



(xxri.) ‘ 

(XXIII.) 


Tn practice, between four and five atoms of oxygen are taken up, 
and the product is a mixture of dihydroxydimethylglutaric acid 
(XXII) and us-dimethylsuccinic acid (XXIII). 

In spite of the apparent simplicity of this explanalion, tlie issue 
is not, in reality, quite so clear. For, as was shown in the paper 
by Ingold and Thorpe (Joe. cit.), the bridge-bond in such lUcyclo- 
pentaiie systems is in a condition of great strain, and may become 
- in fact, in certain circumstances it undoubtedly does become — the 
most unstable part of the molecule, giving rise to reactions the 
similarity of which with the reactions characteristic of unsaturated 
compounds is very striking. This state of strain ow'es its origin to 
the fact that, in both the rings to which the bridge-bond is common, 
the internal angles are considerably less than the normal angle at 
which two free valencies are inclined (Ingold and Thorpe, Joe. vif.). 
The case of carone is very different. Here the internal angles 
between the valencies in the two rings separated by the bridge 
differ in opposite ways from the normal angle of inclination of 
carbon valencies. There is, therefore, a mutual accommodation 
existing between the strains which react on the carbon atoms 
terminating the bridge, rendering the latter stable to a consider- 
able degree. The theory of the matter may readily be placed on 
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a quantitative basis by a simple calculation on lines indicated 
elsewhere {loc. cit.\ note, this vol,, p. 603). Therefore Toivonen’s 
argument thatj because carone, dimethyWicj'c/oheptanone (XXXI, 
p. 1370), can be oxidised by permanganate to a c^/c^opropane deriv- 
ative, namely, caronic acid (XXXTI, p. 1370), the acids derived 
from dimethyirficyc/opentanone should behave similarly with this 
reagent, cannot be regarded as being in the least degree convincing. 
On a priori grounds, it might be very difficult to discover an 
oxidising agent capable of attacking the four-membered ring at 
the carbonyl group, and yet leaving the somewhat unstable bridge- 
bond intact. On the other hand, should such a substance as 
caronic acid be obtainable by oxidation under special and care- 
fully regulated conditions, the circumstance could not but be 
regarded as the clearest possible proof of the dicyclic constitution 
of this series of compounds. This proof we have now been able to 
supply. 

Thg genera! plan pursued in our experiments was as follows. 
If the alternative fornuila^ VI and TX for the dibasic acid, and 
the two formulas XV and XVI for the methylation product of the 
yellow sodium compound, be examined, it will be noticed that in 
the one case a carboxyl group, and iu the other a methyl group, 
is in a different position relative to the yf?7n*dimethyl group iu the 
two alternative formulce. It should be possible to ascertain the 
true positions of these groups by oxidation. Thus, for example, 
whilst the ester (XV), after hydrolysis and oxidation, might 
perhaps yield some derivative of i3)3*dimethy]g]utaric acid, an ester 
the formula of which is XVI should give derivatives, not of 
/8yS-dimethylglutaric acid, but of aj8/3-trimethylglutaric acid. There 
are similar differences in the oxidation products to be expected 
from dibasic acids having the structures VI and IX. A number 
of interesting resirlts have already been obtained in this held, but 
it has become apparent that an extended investigation is necessary 
both in the series with wliich we are here concerned and in other 
related ones. It is therefore our desire to place on record at the 
present time only a limited number of experiments on the oxida- 
tion of the dibasic acid (VI), which, however, supply singularly 
convincing evidence regarding its structure. 

In the first plice, ■when an aqueous solution of the dibasic acid 
is titrated with cold alkaline permanganate, a sharp end-point is 
reached after three atoms of available oxygen have been taken up. 
The resulting solution contains aa-dihydroxy-j8)3-dimethylglutaric 
acid and oxalic acid, the reaction 

being apparently quantitati've. The behaviour of the dibasic acid 
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with permanganate is therefore very similar to that of the mono- 
basic acid (VII). The remarkable fact regarding the production 
of this dihydroxydimethylglutaric acid by the action of cold 
alkaline permanganate on these acids is that the fission of the 
bridge-bond is not due to oxidation, but is of a purely hydrolytic 
character. There is therefore no analogy to fission of the double 
bond in unsaturated substances by permanganate, the first stage 
of which involves the addition of two hydro.xyl groups. The fission 
of the bridge must be assumed to be due to the addition, not of 
20H, but of H-OH, otherwise it is not possible to account for the 
structure of the product. The oxidation, for example, of the 
dibasic acid is therefore to he represented as follows ; 


(VI.) 


CMe /C(CO.,lI)(OH).CH'CO,H 

CO 

IXXIV.) . 


OMe <C(OH)j-00, 


H 


CH2-C0-CI!(0H)-C0.;H 


(XXV.) 




CO,H 


(XXVI.) 

•KIO^H-COjH 


(XXII.) 


If the process is conducted with care, no dimethylsuccinic acid is 
formed. A precisely analogous scheme, involving an intermediate 
hydrolytic product similar to XXIV, and two intermediate oxida- 
tion products, like XXV and XXVI, may be considered as repre- 
senting the course of the oxidal.ion of the monobasic acid — only in 
this case four atoms of oxygen are taken up, as the final product, 
which replaces oxalic acid in the scheme outlined above, is not 
formic acid, but carbon dioxide. 

The formation of oxalic acid along with dihydroxydimethyl- 
glutaric acid when the dibasic acid is oxidised affords an interest- 
ing confirmation of the existence originally of the bridged struc- 
ture. For, if the dotible-l)onde(i formula IX for the original acid 
were correct, the production of oxalic acid as a main product would 
be impossible. Four, and not three, atoms of oxygen would be 
taken up, the successive clnanges being represented as follows : 


C(C02H)=CH 
''^CH(CO,H)-CO 
(lA.) 

OMe<'^(OH)2-C02H 

'"“®2^CH(C02H)-CO-CHO 

(XXVIII.) 

(XXX.) * 


' ^■^CtI{C02H) CO 

(XXVII.) . 

wne2^^CH(CO,H)-CO-COjH 

(XXIX.) 

(XXII.) 



1370 


FARMER AND INGOLD : 


In this method of representation, the intermediate products 
XXVII to XXX are strictly analogous to the substances XIX 
to XXII which figure in the corresponding scheme (p. 1367) for 
the oxidation of the monobasic acid, whilst the direct elimination 
of a carboxyl group as carbon dioxide from the acid XXX appears 
to be the only method of accounting for the unsubstituted 
methylene group in the final product. We are unable to see any 
plausible alternative mechanism whereby the formation of oxalic 
acid along with dihydroxydimethylglntaric acid by the oxidation 
of an unsaturaled substance having the formula IX might be 
explained. 

Owing to the curious hydrolytic action on the bridge-bond to 
which reference has just been made, it does not appear possible 
to obtain cyclopropane derivatives by oxidation with perman- 
ganate. We have experimented with many other oxidising agents 
under a variety of conditions, and have discovered two reagents 
by means of which it is possible to produce caronic acid from the 
dibasic acid, which therefore must have the bridged structure VI, 
These arc hydrogen peroxide and potassium ferricyanide. In the 
former case, the conditions necessary in order to obtain a good yield 
of caronic acid appear rather difficult to <ietermine, but with cohl 
ferricyanide the oxidation proceeds very smoothly, and, if a little 
of the reagent is added each day, is complete in rather more than 
a week, when an excellent yield of (ran.s-caronic acid can be 
extracted from the solution. The direct comparison with the case 
of carone asked for by Toivonen now becomes possible ; 


(XXXII.) (Caronic acid.) 

^CH "“CO 
(VI.) 

If this experiment places, as we believe it does, the bridged 
constitution beyond doubt, there appears to be no alternative to 
accepting the m. -.hanism proposed on p. 1365 for the internal con- 
densation of Toivouen’s dimethyldiketohexoic acid (XI). Such a 
reaction is not, hov'ever, entirely without precedent, for the inter- 
mediate fddol-coodensation product (XII) is a cyclic pinacoline 
alcohol very similar in constitution to the dimethylcyclohexanol 
(XXXIII), the dehydration of which has been investigated by 
Meerwein (Annakn, 1914, 405 , 129), who found I't to take 
place acioss the ring, the final product being isopropylcyclo- 


(XXXI.) (Carone.) 
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pentene (X:^XV). We assume that intermediately a bridged com- 
pound (XXXIV) is formed: 


CMe,<' 




•CH, CH 

(XXXIII.) 


>CH, 




''CH-CH,' 

(XXXIV.) 


CHMe.-C— CH 

* II 

CH-CH_ 

(XXXV.)‘ 


>CH, 


The difference between this case and that w'ith which we are con- 
cerned lies in the fact that the hydroxy-compound (XII), owing 
presumably to the presence of the ketone and carboxyl groups^ 
undergoes dehydration spontaneously, or at any rate under very 
mild conditions. For the same reason, the reaction stops at the 
first stage: the presence of the carboxyl group makes the analogous 
isomerisation impossible. Although no reaction resembling this 
isomeric change has been observed amongst the derivatives of 
ye/?i-dimethylc?/cycfope]it.ane, there has been noticed (Ingold and 
Thorpe, he. cit.) in the cyc/oh€xane$ptm//cycfopentaiie series a 
hydrolytic decomposition showing a considerable degree of 
similarity, The connexion is best exhibited by means of the 
formula} expressed belov;, and from these it will be seen that bolli 
stages of the above scheme for the dehydration of diinethylcycfn- 
hexaiiol have their counterpart. The cyc/ohexvlcycfobutanolone 
acid (XXXVII) is obviously incapable of eliminatiug the elements 
of water and passing into a cyc/obuteiie derivative a.s the strict 
analogy requires. 


CH(CO,H).CH, 

CO -^CH CO 

(XII.) (VII.) 

C IT ■f./C(C02H)-9H-CO,lJ_ C5H.„:CH-C(C0,H', OH, 

‘ “■ ^C(CO,R)-CO C(00,H)(0H)-C0 

(XXXVI.) (XXXVII) 

The above considerations have an obviou.s implication regarding 
the internal condensation of other diketones, and it is hoped in 
the future to devote attention to this and similar questions. 


Experimental. 

Oxidation of DimethyJdi\cj(^oi}tiiianonedicarhoxyUc. Acid (VI, p. 
1363) hy Cold Alkaline Permanganate: Formation of 
aa-Dihydroxy-^^-dimetkylglutaric Acid and O-ralic Acid. 

Two grams of the rffcyc/openfcanone acid were dissolved in a 
small excess of aqueous potassium carbonate and carefully titrated 
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in the cold with a 3 per cent, solution of potassium ^rmanganate. 
When three atoms of oxygen had been taken up, the perman- 
ganate ceased to be decolorised. The solution was then treated 
with a current of steam and filtered, the precipitate of manganese 
dioxide being extracted with boiling water. The combined filtrates 
were acidified with hydrochloric acid, boiled for a few minutes, 
and then rendered alkaline with ammonia. On adding calcium 
chloride to this solution, there was obtained a precipitate of calcium 
oxalate, which was collected and washed with dilute acetic acid in 
order to remove any traces of admixed calcium carbonate. The 
filtrate from the calcium oxalate was evaporated to a small bulk, 
acidified with hydrociilorio acid, and exhaustively extracted with 
pure ether. On drying and evaporating the extract, there was 
obtained a nearly quantitative yield of oa dihydroxy-^^-dimetbyl- 
glutaric acid. The acid prepared in this way melted at 83 — 84°, 
and after recrystallisation from chloroform at 84° (Found : 
C--=44'20; n = 6'37. Calc.: C-43-7; H = 6-3 per cent.). 

Further proof of the identity of the acid was obtained by means 
of a direct comparison with a specimen prepared from the hydrogen 
ester of aa-dibromo-^lfl-dimethylglutaric acid (Perkin and Thorpe, 
loc. cit., p. 757). Both preparations, as well as a mixture of the 
two, melted at 84°. 

oa-Dihydroxy-/5B.dimethyIgIutaric acid may also be obtained 
from the f/(Vycfopentanone acid by oxidation with sodium 
manganate. 


Oxidation of Dmelhp!dicyc\opcnlano7tediairho.Ti/lic Acid (VI, p. 
1363) hy Cold Ferricyanide : Formation of trans-Caronic 
Acid. 

Thirty-three grams of potassium ferricyanide and 8 grams of 
potassium carbonate were dissolved in 140 o.c. of water, and one- 
fifth of this .solution was added daily to 2 grams of the dicyeW 
peutanone acid dissolved in a slight excess of aqueous potassium 
carbonate. Afler the addition of the reagent was finished, the 
mixture was allowed to remain for another period of five days, and 
was then acidi!i<’d and extracted repeatedly with pure ether. On 
drying and evaporating the ether, there remained a crystalline 
residue, which, after washing with chloroform and recrystallising 
from water, melted at 213° [Found: C=53'13; H = 6-41. Calc.: 
C=53T; H=^^6-4 per cent. 0-0435 required 40-7 c.c. of 0-0135V- 
Br(OH)o. C,,H8(C02H)2 requires 40'8 c.c.]. 

there can be no doubt that this substance is frans-caronic acid. 
It was identified with a known specimen of this acid by direct 
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comparison by tbe method of mixed melting point. In addi- 
tion, it was converted by means of hydrobromic acid and by hydro- 
cliioric acid into terebip acid, which w'as similarly identified by 
comparison with^ known spedmen and by a mixed melting-point 
determination. Before we were aware that the product of this 
oxidation was ^mw^i-caronic acid, we recrystallised the crude residue 
from the ether from concentrated hydrochloric acid. This treats 
ment caused a considerable degree of conversion into terebic acid. 
Consequently, after several recrystallisations we obtained pure 
terebic acid apparently as the sole crystalline oxidation product. 
The extraordinary ease with which this reaction takes place does 
not appear to have been noticed previously (compare Beasley, 
Ingold, and Thorpe, T., 1915, 107, 1080). 

A search for cis-caronic acid amongst the residues of the 
oxidation proved fruitless. 

<rfln«-Carouic acid may also be obtained by oxidising the original 
acid with cold alkaline hydrogen peroxide. 

We have to thank (.he Chemical Society for a Research Grant 
which has defrayed a considerable portion of the cost of this 
investigation. 

The Imperial College of Sctencp. and 'rEOHNOi.ooY, 

South Kensington. [Received, October ^th, 1920.] 


CXLIX. -A New Type of Compound containing 
Arsenic. 

By Gf.orgp: Joseph Eurkows and Ecsi-ace Euenezer Turner. 

Hitherto, our knowledge of additive compounds formed from 
arsines has been restricted to those of the cacodyl series, and the 
compounds iu question are of the co-ordination type and contain 
such elements as platinum, mercury, and copper. The authors 
have found that many arsines of the type where Rp 

Ri, and Rg may be similar or dissimilar alkyl or aryl groups, 
combine readily with methyldi-iodoarsine and with the corre- 
sponding ethyl and phenyl derivatives to give brightly-coloured 
substances varying in shade from pale yellow to deep orange, and 
of the general type R.jR.,RgAs,RAslo. They are completely dis- 
sociated into their parent substances on dissolving in benzene, but 
evaporation of such solutions gives the pure additive compound 
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once more. They read in benzene solution with methyl iodide, 
with precipitation of the methiodide of the arsine, the alkyl- or 
aryl-di-iodoarsine remaining in solution. The solid additive com- 
pounds cannot be said to be unstable, remaining unchanged 
indefinitely under ordinary conditions, but they crystallise only 
with difficulty from some solvents, apparently owing to the retard- 
ing influence of the latter on the rate of addition of the two 
substances, giving rise to the additive compound. 

The authors hesitate, without further experimental work, to 
suggest definite formulse for the additive compounds. These may 
evidently be simple '' molecular compounds or compounds 
analogous to those formed between arsines and methylene iodide, 
and of the type R^R2ll3lAs*AsRI. 

In support of this structure can be cited the fact that, as a 
rule, an additive compound is paler than the di-iodoarsine from 
which it is formed, and the further fact that iodine attached to 
arsenic in the qninquevalent condition has no chromophoric 
properties. Against the structure given above, however, is the 
fact of ready dissociation in benzene solution. 

Phenyldimethylarsine, phenylmethylethylarsine, and phenyldi- 
ethylarsine, in their behaviour towards di-iodoarsines, illustrate 
well the subject under discussion, and the melting points of the 
various substances involve.! are tabulated below: 



McAsI, 

PhAsI, 

EtAsT 


(30-). 


(-»•). 

PhMejAs (liquid) 

.. 94’ 

er 

44’ 

PhMoEtAs (liquid) .... 

84 

55* 



PhEtjAs (liquid) 

79 

— 

— 


In each o! the nine cases allowed for by this table, combination 
undoubtedly oc(-iirred, since, on mixing the pair of substances in 
question, heat was evolved. Only six compounds were actually 
isolated, and from the inelling-point regularities this fact can no 
doubt be attribuled to the low melting points of the three com- 
pounds which could not he isolated. Attention should perhaps be 
drawn to the isomerism of the additive compounds 

rhMcRtAs.MfAs!,. and PhMcoAs.EtAsI^. 

On the other hand, certain arsines show no tendency to form 
additive compound; with di-iodoarsines, no heat being evolved on 
mixing the substances in question. Thus, diphenylmethylarsine, 
tripheuylarsine. and oiher aromatic arsines could not be caused to 
combine with ai-ioduarsines under a wide range of experimental 
conditions. 

Phenyldicbtoroarsinc has also been found to form an additive 
compound wish the most reactive of the arsines in our possession, 
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namely, phenyldimelhylarsine. The compound is strictly 
analogous to the iodo-compounds just described, and the effect of 
heat on chloro-additive compounds generally, if they can be pre- 
pared, will be investigated, since some light might thus be thrown 
on the interaction between, say, triphenylarsine and arsenious 
chloride, which proceeds in a very irregular manner and is greatly 
influenced by temperature (compare Michaelis and Loesner Her , 
1891, 27, 294, etc.). 

The iodo-derivatives of arsenic have been found to be the most 
suitable for the preparation of the various types of arsines. They 
react almost quantitatively with Grignard reagents, giving the 
expected arsines in all cases so far studied. The use of arsenious 
chloride or bromide (Auger and Billy, C'ompt. rend., 1904, 139, 
597) Hibbert, Her,, 1906, 39, 160) is to be avoided, as very low 
temperatures are necessarily involved. 

Expebimentai. 

Methyldi-iodoarsine. 

This substance was prepared by Auger’s method {Compt. rend., 
1906, 142, 1161), and was purified by distillation under diminished 
pressure. It boiled without decomposition at 128®/16 mm., and 
gave, on cooling, a bright yellow solid melting at 30° (Auger, 
he. cit., gives 25°). On one occasion, 320 grams of arsenious 
oxide, converted into sodium methylarsinate by the method 
described by Klinger and Kreutz {Annalen, 1888, 249, 149), gave 
more than 500 grams of pure, redistilled methyldi-iodoarsine 
(Found; M.W. [by cryoscopic method in benzene] = 331, 340. 
Calc.: M.T7. = 344). 

In view of certain results obtained in other directions, it is 
considered possible that in other solvents methyldi-iodoarsine may 
be associated, although at present no direct evidence can be put 
forward in connexion with this point. The ease with which 
methyldi-iodoarsine may be prepared renders this substance a very 
convenient starting material for the preparation of arsenic deriv- 
atives. In this connexion, it is of interest to note that whereas 
methyl iodide reacts almost quantitatively in the course of a few 
hours with sodium arsenite in aqueous alcoholic solution, ethyl 
iodide reacts much more slowly, a 57 per cent, conversion of sodium 
arsenite into ethyldi-iodoarsine (see below) being the maximum so 
far obtained. 

Ethyldi-iodoarsine. 

The product obtained (compare McKenzie and Wood, this vol., 
p. 408) by the reduction of ethylarsinic acid was dried over 
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calcium chloride, and the sulphur dioxide present removed by 
gentle warming under diminished pressure, the whole of the liquid 
finally being distilled under the same conditions. Ethyldi-iodo- 
arsine was obtained in this way as a reddish-yellow oil boiling at 
126°/11 mm., and setting to a pale yellow, crystalline solid (m. p. 
— 9*^) on cooling in solid carbon dioxide. 


Phenyldi-iodoarsine. 

A mixture of phenyldichloroarsine (34 grams), 90 grams (a large 
excess) of finely powdered sodium iodide, and 100 c.c. of absolute 
alcohol was shaken for three hours in the cold, filtered, and the 
filtrate evaporated to dryness under diminished pressure. The 
residue was extracted with chloroform, and the filtered extract 
evaporated under diminished pressure until quite free from chloro- 
form. A brownish-red oil, in amount corresponding with an 
almost theoretical conversion of dichloro- into di-iodo-arsine, was 
obtained, and was purified by crystallisation from alcohol, using 
solid carbon dioxide as an external refrigerant. In this way, pure 
phenyldi'iodoarsine was obtained in lemon-yellow clusters of 
needles melting (after remaining in contact with porous porcelain 
at a low temperature) at 15^ (Found: 1 — 62*9.* M.W. [by cryo- 
scopio method in benzene] = 393, 401. CgHriLAs requires I=:62'6 
per cent. M.W.=406). 

Phenyld/Hodoarsine resembles the corresponding methyl and 
ethyl derivatives in odour and physiological properties. It under- 
goes slight decomposition when distilled under diminished pressure, 
boiling at 190°/ 12 mm. The effect of heat on the product obtained 
by Michaelis and Schulte 1881, 14, 913), by the action of 

hydriodic acid ou pheiiylarseiiious oxide, shows that this product 
was, even before heating, a mixture of several substances. 

Vtmefhyliodoarsiiie. 

The difficulty of obtaining derivatives of cacodyl has now been 
removed by the discovery that Auger’s method for the reduction 
of methylarsinic acid to mcthyldi iodoarsine {loc. cit.) may be 
applied to the conversion of dimetliylarsinic (cacodylic) acid into 
dimethyliodoarsme (cacodyl iodide). 

A solution of 250 grams of cacodylic acid and 800 grams of 
potassium iodide in 1 litre of water was saturated with sulphur 
dioxide, dilute hydrochloric acid (500 c.c. of concentrated acid and 

* All these compounds in which iodine and aRsenic are directly combined 
(whether the arsenic •be ter- or quiuque-valent) react quantitatively with 
silver nitrate in alcoholic solution. 
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500 c.c. of water) being added from time to time. Reduction pro- 
ceeded rapidly, with the separation of dimethyliodoarsine as a 
yellow oil, the end of the process being indicated by the separation 
also of sulphur. The oily layer was separated, dried over calcium 
chloride, and distilled, when pure dimethyliodoarsine (380 grams, 
corresponding with a 90 per cent, conversion) was obtained as a 
yellow liquid boiling at 154 — 157®, and freezing to a pale yellow, 
crystalline solid at about —35°. 

From dimethyliodoarsine, cacodyl oxide, chloride, etc., may 
readily be prepared, without, the production of intermediate com- 
pounds, which are spontaneously inflammable. 


Phenylmethyliodoarnne and Phenylmethylchloroarsine. 

By a similar reduction process, phenylmethylarsinic acid 
(Bertheira, Ber., 1915, 48, 350) has been converted into phenyl- 
luethyliodoarsine. 

The phenylarsenious oxide required was prepared by treating 
phenyldichloroarsine with excess of powdered sodium hydrogen 
sulphite in the presence of a little water. On removing the 
inorganic matter by repeated extraciion with hot water, the pure 
oxide was left behind, and, when cold, could be ground up, and 
was then used without further purification for conversion into 
phenylmethyliodoarsine. 

Phenylarsenious oxide (50 grams) was dissolved in a solution of 
30 grams of sodium hydroxide in 240 c.c. of reclined spirit and 
CO o.c, of water, the solution cooled, and treated with 30 c.c. of 
methyl iodide. A vigorous reaction set in, and was allowed to 
complete itself overnight. The mixture was acidified, freed from 
alcohol by distillation, treated with 50 grams of potassium iodide, 
and saturated with sulphur dioxide. The dark oil formed was 
separated, dried over calcium chloride, and distilled, when 54 grams 
of phenylmethyliodoarsine, a yellow oil boiling at 138 — 140®/ 
12 mm,, were obtained (Found: I--43'7. C^HglAs requires 
1-43*2 per cent.). 

It is interesting to note that in this preparation sodium liydr- 
oxide gives better results than potassium hydroxide. 

The preparation of the corresponding chloro-arsine is readily 
ilTected by treating the iodo-componnd with the calculated amount 
)f sodium hydroxide, washing the oily oxide so obtained with 
i^'ater, and subsequently shaking repeatedly with small quantities 
)f concentrated hydrochloric acid. The oil, af1#r being dried over 
Jalcium chloride, distils at il3*5®/14 mm. (Found: Cl==17'6. 
2^7H3CiAs requires 01 = 17*5 per cent.). 
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Phenylmethylchloroarsine is a pale yellow liquid resembling 
phenyldichloroarsine in appearance and physiological properties. 

The so-called Bart reaction (D.R.-P. 250264) for the preparation 
of arsinic acids is unsatisfactory in the case of phenylmethylarsinic 
acid, and therefore of its rediiction products, although a small 
quantity of phenylmethyliodoarsine was prepared in this manner, 
benzenediazonium chloride being combined with methylarsenious 
oxide in alkaline solution. 

The ethylation of phenylarsenicus oxide proceeds very much 
more slowly than the niethylatioa, and is only partial under con- 
ditions that allow of quantitative methylation. 


Phenyldimethylar&me. 

This arsine was obtained in 75 per cent, yield by Winmill (T., 
1912, 101, 722) by the action of magnesium methyl iodide on 
phenyldichloroarsine in the presence of light petrolerim. The 
following method gave even more satisfactory results. 

A Grignard reagent, made by the interaction of 19 grams of 
bromobenzene, 2‘9 grams of magnesium, and 50 c.c, of ether, was 
gradually treated with a solution of 23*2 grams of dimethyliodo- 
arsine in 50 c.c. of ether. A vigorous reaction accompanied each 
addition of iodo-compound, and, after allowing the mixture to 
remain at the ordinary temperature for two hours, ice and dilute 
hydrochloric acid were added, the ethereal layer separated, anci 
dried over anhydrous sodium sulphate. The ether was evaporated 
and the residue distilled under diminished pressure, when 16 gram; 
of phenyldimethylarsine were obtained as a colourless oil boiling 
at 85^/14 mm., and possessing the properties ascribed to the 
arsine by Miehaelis and Link 1881, 207 , 205). The 

methiodide melted at 250^ (Miehaelis and Link, loc. cit., give 
244°). 

The ethiodide is obtained at water-bath temperatures, ami 
crystallises from alcohol in colourless needles melting at 142°; : 
mixtures with the methiodide of phenylmothylethylarsine melted 
at the same temperature, indicating the identity of the two 
substances. 

The henziodide. is readily formed, and crystallises from a mixture 
of acetone and ether in colourless needles melting at 115 — 116° 
(Found; Cj 5 HjgIAs requires 1 = 31-8 per cent.). 

Phenyldimethylarsine combines energetically with equimolecular 
quantities of certain halogenated arsines. 

Com'pound, PhMejAsjMeAsIg.-— This compound is formed from 
the arsine and methyldi-iodoarsine when the two substances are 
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mixed in equimolecular quantities. Heat is generated, and, after 
a few moments, the whole becomes solid. The product crystallises 
from a mixture of acetone and ether in lemon-yellow needles melt- 
ing at 93 — 94° (Found: I — 48‘3. M.W. [by cryoscopic method in 
benzene] = 259, 264. CgHj^IoAso requires I == 48'3 per cent, 
M.W. =626). 

The compound is therefore completely dissociated into phenyl- 
diraethylarsine and methyldi-iodoarsine in benzene solution at 
concentrations up to 5 per cent. 


Action of Methyl Iodide on the CompouTul^ PhMeoAs.MeAsI^. 

A solution of a small quantity of the compound in benzene, 
mixed with an excess of methyl iodide, deposited, after some hours, 
slender, colourless needles, which melted at 243° without purifi- 
cation, a mixture with pure phenyltrimethylarsonium iodide melt- 
ing at 248°. The additive compound is quantitatively converted 
by methyl iodide into the methiodide of the arsine originally used, 

Co7npoimd, PhMe 2 As,ElAsT 2 . — Phenyldimethylarsine combines 
readily with ethyldi-iodoarsine to give a yellow solid, which, when 
crystallised from alcohol, melts at 44° (Pound: T-47'2. M.W. 
[by cryoscopic method in benzene]— 26-1, 266. requires 

1 = 47-0 per cent. M.W. = 540). 

Compound, PhMe^ASjPhAsL. — This compound, prepared by 
mixing the arsine and iodo-arsine in calculated quantities, crystal- 
lises from alcohol oi* acetone in orange-coloured prisms melting at 
69° (Found: t=43'3. M.W. [by cryoscopic method in benzene] 
286, 287. Ci^HifjloAso requires t — 43-2 per cent. M.W. = 588). 

This compound is of a deeper sl'ade than those of the corre- 
sponding compounds from alkykU-iodoarsines. 

Compound, PhMe^As.PhAsCl.,. — Phenyldimethylarsine combines 
readily with phcnyldichloroarsine to give a colourless solid crystal- 
lising from alcohol in colourless needles melting at 36° (Found : 
CI = 17'7. M.W. [by cryoscopic method in benzene] = 215, 212. 
CijTIjeCIsAsi requires Cl — 17'5 per cent. M.W. = 405). 


Ph enyldie ihylar&ine. 

Michaelis and La Coste {Annalen, 1880, 201, 212) first obtained 
this arsine from zinc diethyl and phenyldichloroarsine in ethereal 
solution, Wiumill {loc. cit.) subsequently sho^ving that the reac- 
tion proceeded more satisfactorily iu the presence of light 
petroleum. We have now by the following method eliminated the 
difficulty attached to these methods of preparation. 

A Grignard reagent, prepared from 26*2 grams of ethyl bromide, 
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5-8 grams of magnesium, and 40 c.e. of ether, was gradually treated 
with a solution of 22-3 grams of phenyldichloroarsme m 100 c.c. 
of benzene, the mixture finally heated to boiling for two hours, 
and the ether allowed to distil off slowly. The resulting mixture 
was decomposed with ice and dilute sulphuric acid, the benzene 
layer separated, dried, and evaporated, and the residue distilled 
under diminished pressure, when 12 grams of phenyldiethylarsine 
were obtained as a colourless oil boiling at 111—115 /14 a 

further 3 grains of slightly less pure arsine distilling at llj— 120 / 
14 mm. The arsine possessed the properties ascribed to it in the 
literature. 

The methiodide was dosoribed by Michaelis (Annden, 1902, 
320 , 296) as melting at 132°. We have been unable to confirm 
his statements, our results being as follows. 

When plienyldiethylarsine and methyl iodide are mixed, heat is 
evolved and a dark oil separates, which only becomes crystalline 
after a considerable time or after scratching vigorously. This 
substance, after thorough purification by repeated crystallisation 
from alcohol, in the presence or absence of ether, was obtained as 
a colourless, crystalline solid melting at 75 — 7i° (Found: 1 = 36 1, 
C,,HjsIAs requires I = 36T per cent.). 

The elhiodide and the methylene iodide additive compound were 
found i.o possess the properties ascribed to them by Michaelis 
(loc, cit.). 

Compo-uiid, PliEt,As,MeAsT„.— This was formeil readily, and 
crystallised from alcohol or acetone in bright yellow needles melt- 
ing at 78—79° (Found: 1 = 45'4. hl.W. [by cryoscopic method in 
benzene] = 27!. 273. C],H,J,,Asj requires t=4.5-8. M.W. = 544). 


Phenylmethylethylarsine. 

Phenylmetliyliocloarsine or the corresponding chloro-oompound 
reacts vigorously with magnesium ethyl bromide to give the desired 
mixed arsine. 

Phenylmethyliodoarsine (19 grams) dissolved in 50 c.c. of 
benzene was gradually added to a Grignard reagent, prepared 
from 7’8 grams of ethyl bromide, 1*7 grams of magnesium, and 
20 c.c. of ether. When the whole of the iodo-compound had been 
added, the mixture was heated to boiling for two hours, decom- 
posed, and worked up in the usual manner, when 8’ grams of 
phenylmethylethylarsine v/ere obtained as a colourless oil boiling 
at 97°, /12 — 13 mm. (Found [by Ewins’ method]: As=37’8. 
CglljjAs requires As =38*3 per cent.). 

The arsine, as might be expected, possesses physical and chemical 
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properties interinediate between those of the dimethyl- and diethyl- 
arsine. 

The metkiodidt is readily formed, and crystallises from alcohol 
in colourless needles melting at 142° (Found; I=37‘5. CiylliJAs 
requires 1 = 37*6 per cent.). 

Compound, PhMeEtAs,MeAsl 2 - — ^This compound crystallises 
from alcohol in yellow needles melting at 84° (Found: 1 = 46-8. 
requires 1 — 47*0 per cent.). 

Compound, PhMeEtAs,PhAsIo. — This substance separates from 
alcohol in orange-yellow prisms melting at 55° (Found: 1 = 42-3. 
M.W. [by cryoscopic method in benzene] = 315, 322, 327. 
CisHiglnAsg requires 1 = 42‘2 per cent. M.W. — 602). 

Biphenylmethylarsinc. 

The preparation of this arsine by the action of zinc dimethyl on 
dipheuylchloroarsine (hlichaelis and Link, loc. is less satis- 
factory than the following. 

A Grignard reagent, prepared from 34'G grams of bromobenzcne, 
')'4 grams of magnesium, and 80 c.c. of ether, was gradually 
treated with 34 grams of mcthyldi-iodoarsiue after removal of 
unchanged magnesium by decantation. Tlie product was worked 
up in the usual manner, and gave 17'5 grams of diplicnylmethyl- 
arsine boiling at 163 — 170°/15 uim., and possessing the properties 
described in the literature. 

This arsine possesses only to a slight degree the property of 
forming additive compounds, and, so far, no compounds have been 
obtained with alkyl- or phenyl-di-iodoarsines- 

The benziodide melts at 193° (Found: I = 27'5. Cc^H^oIAs 
requires I = 27‘5 per cent.). 

ayaphihyldiiMlhylar^ine. 

Dimethyliodoarsine (46*4 grams) was gradually added to a 
Grignard reagent, prepared from 50 grams of c bronionaphthalene, 
5'34 grams of magnesium, and 200 c.c. of ether (if small quantities 
of ether are used, the magnesium a-naphthyl bromide separates 
out as a crystalline solid), the reaction allowed to become complete 
by heating to boiling for an hour, and the cooled product decoiii' 
posed and worked up in the usual manner. In this way, 37 grams 
(instead of the theoretical quantity of 46 grams) of o-iiaphthyl- 
dimethylarsine were obtained boiling at 163 — 165°/ 13 mm. 

The viethiodide, is formed very readily, and crystallises from 
alcohol in colourless needles melting at 230° (Found: 1 = 33”. 
CigHjglAs requires 1 = 34*0 per cent.). 
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The ethiudiih is formed at 90—100°, and crystallises from 
alcohol in colourless leaflets melting at 218° (Found; I = 32'o. 
Cj^HjglAs requires 1 = 32-7 per cent.). 

Compound, CjoH,-Mej,As,MeAsl2. -This compound is readily 
formed, and crystallises from alcohol in yellow needles melting at 
76—77° (Found: 1 = 44-0. CjsHniljAsj requires 1 = 44-1 per 
cent.). 

Trijihenylarsine . 

Although triphenylarsine is readily prepared by the action of 
sodium on a mixture of chlorobenzene and arsenic chloride, the 
following method has been found to be the most convenient foi 
the preparation of small quantities. More than 90 per cent, of 
the theoretical conversion can be effected, and the arsine requires 
very little purification. 

Powdered arsenic iodide (22 grams) was gradually added, with 
shaking, to a Grignard reagent, prepared from 26 grams of bromo- 
benzene, 4 grams of magnesium, and 50 c.c. of ether. The 
vigorous reaction having abated, the mixture was heated to the 
boiling point for half an hour, and then decomposed, etc., the 
more volatile products being removed by heating finally to 200° 
under 12 mm. pressure. The residue, practically pure triphenyl- 
arsine, when once crystallised from alcohol, melted correctly at 68°. 

No additive compounds could be obtained between the arsine 
and any of the di-iodoarsiues, a fact which falls in line with the 
difficulty of preparing the methiodide. 


Trl-o-tolyUnine. 

Arsenic iodide (22’8 grams) was added gradually to a Grignard 
reagent, prepared from 26 grams of o-bromotoluene, 3-7 grams of 
magnesium, and 80 c.c. of ether, the reaction completed by heating 
for a short time, and the product worked up as in the case of 
triphenylarsine. Ten grams of tri-o-tohjlanine were obtained, and 
were crystallised from alcohol, when colourless nhedles were formed 
melting at 98° (Found: As^20'9. C^iH-ijAs requires As — 21‘5 
per cent.). 

The mcth'iodi Ic crystallises from water in colourless needles 
melting at 166°. Owing to the small quantity of material avail- 
able for analysis, the determination of iodine was unsatisfactory 
(Found: I-2d'2. C^gHoJAs requires I-25‘9 per cent.). 
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Di-o-lolylmctkylarsine. 

A Grignard reagent was prepared from 22 grams of o-bromo 
oluene, 3‘2 grams of magnesium, and 50 c-c. of ether. A solution 
)f 18 grams of methyldi-iodoarsme in 100 c.c. of benzene was 
rradually added, the reaction completed by heating under reflux, 
ind the product decomposed with ice and dilute sulphuric acid. 
The separated ether-benzene layer was washed with aqueous sodium 
lydroxide to remove unchanged methyldi-iodoarsine, dried over 
calcium chloride, evaporated, and the residue distilled under 
liminished pressure. In this way, 8 grams of a very pale yellow 
jil were obtained boiling at 178 — 182^/12 mm., and setting, on 
jooling, to a solid melting at 42° (Found: As = 27'3. Cj^Hj^As 
requires A3 = 27'6 per cent.). 

The methiodide is formed readily, and crystallises from water 
in colourless needles melting at 195° (Found: 1=3]‘2, CjeHgoIAs 
requires 1 = 30-7 per cent.). 

The University Chemical Laboratories, 

Syensy. [Received, September 21th, 1920 .] 


CL . — Derivatives of Phenyldihydrorcsorcin. 

By Alexander ,Iohn Bovd, Percy Herbert Clifford, and 
Maurice Ernest Pkobekt. 

The following is a brief account of some experiments commenced 
by one of us (A. J . B.) in 1914 at the suggestion of Professor 
A. W. Crossley: the work was interrupted, and could not be 
resumed until October, 1919, and although we (P. H. C. and 
M. E. P.) cannot now complete the original plan, it is thought 
advisable briefly to place on record such results as have been 
obtained. 

The original object of the work was twofold j first, more fully 
to examine certain derivatives of pheuyldihydroresorcin, because 
some of them, notably phenylcycfobexanol, had been encountered 
in the course of other experimental work then in progress (com- 
pare Crossley and Renouf, T.. 1915, 107, 608), and, secondly, to 
investigate the influence and behaviour of aromatic groups, such 
as phenyl, in hydroaromatic hydrocarbons. Phenyldihydroresorcin 
"as therefore converted into phenylcycfohexaue by a series of 
reactions which had been successfully employed in previous cases 



1384 


BOYD, CUFPORD, AND PROBERT : 


(Crossley and Renouf, T., 1905, 87, 1488). The dihydroresordn 
(I), when treated with phosphorus trichloride, readily yields 
chlorophenylcyc^ohexenone (II), which, on reduction with sodium 
in moist ethereal solution, gives phenylcycZohexanol (III), 


CHPh 

CHPh 

CHPh 

h,c/\gh, 

HO-d ICO ^ 

H,c/\CH, 
cid^^co ^ 

HjC/NcHj 

Hjd^^CH-OH 

CH 

OH 

CHg 

(I.) 

(ID 

(III.) 


CllPh 

CHPh 


H,c/Yh.2 

;l^^ciiBi- 


CH, 

CHj 

(tv.)' 



Hydrogen bromide converts the alcohol into hromo-phcnylcyQh- 
hexane (IV), it\ whicli substance the bromine is readily displaced 
by hydrogen under the inlluence of zinc dust in aqueous-alcoholic 
solution, giving rise to .phenylcyc/ohexane. The hydrocarbon is 
easily obtained in about 74 per cent, of the theoretical amount,' 
and has all t)ie properties previously ascribed to it by other 
workers. 

Cerl.aiii other derivatives of phenyldihydroresorcin were of 
necessity isolated in the course of the work, and they are described 
in the experimental part of this cominuuication. 


E X P K K I M E N 'f L, 

Phenyldihydroresorcin was prepared from ethyl malonate and 
styryl methyl ketone (benzylidencacetone), using the conditions 
described by Crossley and Renouf (T., 1915, 107, 608). The 
latter was obtained from benzaldehyde and acetone, as described 
by Claisen and Ponder (Annalen, 18S1, 223, 139), but it was 
found that two vacuum distillations did not remove entirely the 
unchanged benzaldeliyde, and the following procedure was there- 
fore adopted o purify the ketone. The crude product was dis- 
tilled once in a vacuum, and the distillate, which crystallised on 
cooling, was broken up. sprl^ad on a porous plate, and exposed to 
the air for two days. This caused oxidation of the benzaldehyde 
to benzoic acid, which was removed by washing with dilute sodium 
hydroxide solution. After further wasliing with water, the ketone 
was dried and crystallised from light petroleum (b. p. 60—80°). 
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Actiuli of Bromim on Phenyld%hydroresorcm.—nve grams of 
phenyldihydroresorcin (1 mol.) were suspended in 50 c.c. of dry 
chloroform, and a solution of 4-3 grama (2 atoms) of bromine in 
dry chloroform was gradually added with constant shaking when 
the resorcin gradually dissolved. On further addition of bromine, 
much hydrogen bromide was evolved, and a bulky, white solid 
separated, which was collected, washed with chloroform, dried on 
a porous plate, and crystallised from aqueous alcohol (Found: 
Br = 29-95. CijHjiOjBr requires Br = 29-96 per cent.). 

4-BromopArnyWi/.y*ormmn, CHPh<J';j|<^'J^'>CHBr, crystal- 
lises from aqueous alcohol in compact clusters of short, glisteninv 
needles melting at 177° with rapid evolution of gas. (If heated 
sufficiently rapidly, the melting point may be found as high as 
189°.) It is Mluble in alcohol, acetone, or ethyl acetate, sparingly 
80 in chloroform or benzene on boiling, but insoluble in ether or 
light petroleum. 

Oxidation of Phenyklihydroresorcin.— Five grams of the resorcin 
were suspended in 126 c.c. of water and treated with a 4 per cent, 
solution of potassium permanganate until the latter was no longer 
decolorised, the whole being continuously mechanically shaken. 
About five hours were required for the completion of the oxida- 
tion. The product, worked up in the usual way, gave 3-8 grams 
of a solid, from which were isolated, by repeated recrystallisation 
from dilute hydrochloric acid, two acids, A and S. 

The acid A melted at 139°, nor -was Ibis melting point lowered 
on admixture with a specimen of pure j8-phenylglutaric acid 
prepared for purposes of comparison (see p. 1387). 

The acid B melted at 166-5—167°, and its melting point was 
not lowered when mixed with phenylsnccinic acid (see p. 1386 for 
the proof of the identity of this acid). 

Owing to the great similarity in solubility of 3-phenylglutaric 
acid and phenylsuccinic acid, it was not found possible to separate 
the whole of .4 and B, but there was no e-vidence of the presence 
of another compound in the remaining mixture. 

Action of Phosphorus Trichloride on Phenyldihydrorcsorcin. 

Sixty grams (3 mols.) of phenyldihydroresorcin were heated with 
22 grams (1-5 mols.) of phosphorus trichloride and 240 grams of 
dry chloroform on a water-bath for three hours. After distilling 
oS the chloroform, the residue was 'poured into cold water and 
e-xtracted four times with ether, the ethereal solution thoroughly 
washed with sodium hydroxide solution (4 per cent.), then with 
water, dried over calcium chloride, and the ether evaporated. The 
oily residue, which readily solidified on cooling, was crystallised 

VOL. cxvn. 3 -E 
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twice from light petroleum (b. p. 60 — 80°) (Found; Cl = 17 00 , 
CjjH,jOCl requires Cl=1719 per cent.). 

5-(7A/ora-l-p/icffYl-A^cycloAej;fi«“3-onc, , 

the yield of which is about 65 per cent, of the theoretical, crystal- 
lises in colourless, transparent plates melting at 63'5 — 64°. It 
possesses a rather pungent odour, is somewhat sternutatory, and 
has an irritating effect on the skin. It is soluble in alcohol, ether, 
chloroform, acetone, benzene, or ethyl acetate, and in light 
petroleum on boiling. When boiled with absolute alcohol, and the 
solution allowed to remain in a moist atmosphere for several days, 
the ketone reverts to phenyldihydroresorcin. There is evidence 
that the ethyl ether of phenyldihydroresorcin (Vorlander and Erig, 
Annalen, 1897, 294, 304) is an intermediate product, but the 
change has not been fully investigated. 

The oxime crystallises from alcohol in almost colourless, short 
needles, melting and decomposing at 157° (Found: N = 6’5, 
CjjHijONCl requires N = 6'32 per cent.). 

The semicarbazone, prepared in the usual manner, crystallises 
from alcohol in rosettes of small, colourless needles. When heated 
in a capillary tube, it softens at 150-5°, melts at 153’5°, and 
decomposes at 191°. It is insoluble in the usual organic solvents, 
with the exception of ether, benzene, and light petroleum, in which 
it is only very sparingly soluble, even on boiling (Found: 
N = 15-91. CyH^ONjCl requires N = 15-94 per cent:). 

Oxidation of Chlorophenyloyo\ohexenont . — Twenty grams of the 
chloro-ketone were suspended in 500 c.c. of water and treated with 
a 4 per cent, solution of potassium permanganate until the latter 
was no longer decolorised, the whole being continuously shaken 
mechanically. Oxidation took place slowly, requiring twenty 
hours for completion. The product, worked up in the usual way, 
gave 13-5 grams of solid, from which -were isolated, by repeated 
recrystallisation from dilute hydrochloric acid solution. A, an acid 
melting at 167°; if, an acid melting at 138-5 — 139-5°; and C, a 
small quantity of an acid melting at 121—121-5°, which was 
obtained by extraction of the above mixture with cold benzene 
and recrystallisation of the residue obtained on evaporation of the 
solvent. 

The acid (1) yielded an.anhydride melting at 53 — 54° and an 
anilic acid melting at 169 — 170° when treated according to the 
directions given by Ilann and Lapworth (T., 1904, 85, 1366) for 
the preparation of these derivatives of phenylsuccinic acid. The 
fact that these data coincide -with those given by Hann and 
Lapworth proves the acid (d) to be phenylsuccinic acid. 



DERIVATIVES OF PHBNYLDIFrYDBORESORCrU. 


1387 


The melting point of the acid B was not lowered on admixture 
with pure /?-phenylglutaric acid (m. p. 138 — 140“=) prepared for 
the purposes of comparison {Ber., 1899, 32, 1879). On treating 
its silver salt with methyl iodide in dry ethereal solution, an ester 
resulted melting at 83'5 — 84-5°, nor was this melting point lowered 
on admixture with a specimen of the pure dimethyl ester of 
8-phenylglutaric acid (m. p. 84 — 85°) prepared for the purposes 
of comparison (Ber., 1898, 31, 1828). 

Only a very small quantity of the acid C was obtained after 
recrystallisation from water. On admixture with pure benzoic 
acid, the melting point was not lowered appreciably, and, although 
the amount of the acid was too small to admit of further purifi- 
cation or preparation of derivatives, its odour and behaviour 
towards various solvents support the supposition that it is benzoic 
acid. 

Reduction of C7»/or»p/i«nyfoyclo/i«rcnonf.--Quanlities of 20 
grams of the chloro-ketone were treated with twice the calculated 
quantity of sodium in moist ethereal solution, as described by 
Crossley and Renouf (T., 1905, 87, 1494). When all the sodium 
had dissolved, the ethereal solution was separated, washed with 
water until no longer alkaline, dried over anhydrous potassium 
carbonate, aud the ether evaporated. The residue was submitted 
to steam distillation until a test portion of the distillate gave no 
turbidity on adding potassium carbonate. The distillate contained 
a solid in suspension, crystallising in colourless needles, which were 
collected and crystallised from light petroleum (b, p. 80—100°) 
(Found: C = 81'(i0; H = 3'36. Cj^HnO requires C=81’7G; H = 9T6 
per cent.). 

l-Phenylcycfohexan-3-ol, was pre- 

pared, although not fully described, by Crossley and Kenouf (T., 
1915, 107, 608) for comparison with a by-product obtained in the 
reduction of phenyldihydroresorcin. It is obtained in 50 — 53 per 
cent, of the theoretical amount, and crystallises in fine, colourless 
needles melting at 79’5 — 80'5°, and possessing a pleasant odour 
somewhat resembling that of geranium. It is soluble in the usual 
organic solvents, but only sparingly so in cold light petroleum. 
When dissolved in absolute alcohol and the solution gradually 
treated with concentrated sulphuric acid, it gives a greenish-yellow 
colour, slowly changing to brown with a green fluorescence. 

The acetyl derivative, prepared in the usual manner, crystallises 
from a small quantity of alcohol in stout, transparent, oblong 
plates melting at 43 — 44°, and is readily soluble in all the usual 
organic solvents. It can be distilled in air without decomposition 

3 E 2 
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and boils at 300*^ (Found: C— 77'05; H — 8’69. Cj4Hjg02 requirej 

C=77 01; H=8-32 per cent.). 

The benzoyl derivative is readily obtained in quantitative yield. 
It crystallises from ethyl or methyl alcohol in rosettes of colourless 
prisms melting at 68° and is readily soluble in all the usual 
organic solvents on boiling (Found: C==81‘28; H = 7'36, 
C]»^20*^2 requires C-81‘39; H-7'19 per cent.). 

The o-nitrohenzoyl derivative was prepared by allowing mole- 
cular proportions of o-nitrobenzoyl chloride and the alcohol to 
react in pyridine solution- It crystallises from dilute solution in 
ethyl or methyl alcohol in rosettes of minute needles melting*at 
70° (Found: N==4'49. CJ9H19O4N requires N = 4'31 per cent.). 

Action of Hydrogen Bromide on Phenglcyc\ohexan-2-ol.-~ 
Quantities of 5 grams of the alcohol were sealed up in small soda- 
water bottles with 25 c-c. of fuming hydrobromic acid, saturated 
at 0°, and heated in a water-bath for one hour. The resulting 
liquid, which was in two layers, was poured into excess of cold 
water, and the lower, oily portion dissolved in ether. The ethereal 
solution was washed with water, then with dilute sodium carbonate 
solution, finally again with water, dried, and the ether removed, 
the residue being distilled under diminished pressure (Found: 
Br = 33'49. C^^Hj^Br requires Br=33*42 per cent.). 

Z-BromO’hphemjhychhexane, the yield of which is almost 
quantitative, is a clear, colourless liquid boiling at 186 — 187°/ 
40 min,, with a pleasant odour resembling that of^geraniol, yet 
somewhat reminiscent of the odour of oranges. 

Action of Zinc Dust on Z-Bromo-hphenglcyciohexane. — Twenty- 
four grams of broinophenylcyc^ohexane were mixed with 75 c.c 
of 90 per cent, alcohol and sufficient absolute alcohol to form a 
clear solution, to which were added 38‘5 grams of zinc dust mixe:! 
with an equal volume of sand, and the whole was heated on t’nc 
water-bath for ten hours- The resulting liquid was poured into 
a large excess of water, the mixture extracted with ether, tlio 
ethereal solution washed with water, dried, and the ether 
evaporated, using a fractionating column. The resulting oil, 
which was nearly colourless, was heated over metallic sodium for 
two hours and then distilled, when 13 grams passed over at 
232 — 233°, a‘i6, after one further distillation from sodium, 11-2 
grams (yield, 74 per cent, of the theoretical) were obtained boiling 
constantly at 233 — 234°/755 mm. It readily .solidified when cooled 
to just below 0°, and melted at 6’5°. These properties agree 
closely with previous descriptions of the properties of phenylcyc/o- 
hexane (Willsfatter and Lessing, Ber., 1901, 34, 506; Eijkman, 
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Chem. Weekblad, 1903, 1 , 7 ; Meerwein and Kremers, Annakn, 
1919, 419 , 121)- 

In order further to establish its identity with phenylcj/cio- 
hexane, 6 grams of the substance were treated with fuming nitric 
acid (D I'SO) addition of acid caused no further visible 

'change (about 10 c.c. of acid were used). The mixture was poured 
into water, and the heavy, oily layer dissolved in ether and worked 
lip in the usual manner. On evaporation of the ether, 7'9 grams 
of a yellow oil were obtained, which, on cooling, gave a crystalline 
deposit weighing 3'8 grams after drying on a porous plate. It 
crystallised from aqueous alcohol in large, colourless, lustrous 
leSets melting at 57'5 — 58° (Kursanov, Annakn, 1901, 318 , 
309, gives the melting point of p-nitrophenylcyc/ohexane as 
57 'o’-5S-5°). 

Pn-paration of Phen^ky<Aohemn-Z-one, CHPh<(^^2 o,^5^CII, . 

—Fourteen grams of phenylcycfohexan-3-ol were added to 126 
grama of Beckmann’s chromic acid mixture [GO grams (1 mol.) of 
potassium diohromate and 50 grams (2'5 niols.) of sulphuric acid 
in 300 c.c. of water], the whole being well shaken. The tempera- 
ture rose to 45°, when a reaction set in, which was soon complete. 
The mixture was then kept at 50—55° for thirty minutes, with 
constant shaking, extracted with ether, the ethereal solution 
worked up iu the usual way, and dried. After evaporating the 
ether, the residual, colourless oil was distilled under diminished 
pressure, when 12 7 grams passed over at 169 — IBQ’S'^/IS mm. 
(Found: C = 82'52; H = 8-42. CioH^O requires C = 82*72; 
H“8'10 per cent.). 

l-Phenylcydohexan-Z-oney the yield of which is practically 
quantitative, is a colourless liquid boiling at 169 — 169‘5®/i8 mm. 
and 287 — 288'^/736 mm., which does not solidify when cooled to 
-10®. With alcoholic sulphuric acid it gives a reddish-yellow 
solution with a green fluorescence. 

The semicarhazone, prepared in the usual manner, crystallises 
from alcohol in radiating clusters of glistening prisms melting at 
167®. It is soluble in methyl or ethyl alcohol, chloroform, or ethyl 


acetate, and in acetone, benzene, or light petroleum on boiling, 
but only very sparingly so in ether (Found: ]Sr=18‘22. 
requires N = 18'18 per cent.). 

The oxime crystallises from alcohol in colourless, ill-defined 
plates, which melt at 128 — 129®, but begin to shrink at about 
120®. It is insoluble in light petroleum and only sparingly 
soluble in ether, but dissolves readily in the other usual organic 
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solvents, especially on warming (Found: N = 7’34. CjoHjjON 

requires N = 7'41 per cent.). 

The authors desire to express their sincere thanks to Professor 
Crossley for originally suggesting the work and for the help given 
by him during its progress. 

OnoAjnc Eesearch Laboratort, 

King’s College, Strand, W.C. 2. 

[Received, October 6tk, 1920.] 


CLI . — The Electrical Conductivity oj Potassium, Sodium, 
and Barium Chlorides in Mixtures of Pyridim 
and Water. 


By jNANENDKa Chandka Ghosh. 


In previous papers (T., 1918, 113, 449, 627) it has been shown 
that in solutions of strong electrolytes, the increase in molecular 
conductivity with dilution is given by the following equations: 




2fiTlog,,^=' 

r, 


0 ) 


for univalent binary electrolytes, and 


6A’. Wiilil 
~DVWf' 


3i7riog,“^ (2) 

lu 


for uni-bivalent electrolytes, where N is Avogadro’s number, F, 
the absolute charge on an ion, V the molecular dilution, and D tit 
dielectric constant of the solvent. Equations (1) and (2) contaio 
the term , the molecular conductivity at infinite dilution, whirl 
cannot be determined experimentally. They can, however, be 
easily put in the following forms, which contain no unknown 
magnitudes whatsoever : 


N.E^2Ni _ 1 > lot, /*■■= 

D.2BT “Vn, 


■ (3) 



and 


i n 
^Vj 


(-0 
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The present investigation was carried out with the object of 
testing the validity of the above relation between the dielectric 
constant of the solvent and variation of molecular conductivity 
with dilution. 

It has already been shown that the extensive experimental data 
of Walden on the molecular conductivity of tetraethylammonium 
iodide in various solvents can be accounted for (with the exception 
of the aldehydes) on the assumption that tetraethylammonium 
iodide at first undergoes polymerisation, and then the double mole- 
cule dissociates as a uni-bivalent electrolyte. The experimental 
difficulties in determining molecular conductivity in pure non- 
aqueous solvents are very great. The data of different observers 
do not very often agree at all, and it was therefore concluded that 
the agreement between the observed and calculated value of mole- 
cular conductivity was within the limits of experimental error. 
In the present investigation, only the chlorides of potassium, 
sodium, and barium were used, which, unlike the iodide, have very 
little tendency to complex-formation. Binary mixtures of pyridine 
and water were selected, as they are completely miscible in one 
another, and offer a very wide range of dielectric constants varying 
from 13 to 80. 

Preparation of Materials. 

Chemically pure pyridine was distilled several times over solid 
potassium hydroxide, and the fraction distilling at 115—116° was 
collected. This fraction was then allowed to remain overnight 
over pieces of metallic sodium, as recommended by Hopkins (this 
vol,, p. 280), Gas bubbles were evolved, showing that moisture 
was present. The dry substance was distilled directly into a dry 
flask protected from moisture by a calcium chloride tube. The 
specific conductivity at 18° was 0*2x10“® mho, and the boiling 
point 115*6°. 

Water was purified by distillation from acid and alkaline per- 
manganates, a block-tin condenser being used. It was finally 
distilled from a quartz distillation apparatus, and stored in quartz 
flasks. The specific conductivity of the water was 1*2 x 10“® mho 
at 18°. The mixtures of pure pyridine and water were also stored 
in quartz flasks. 

The salts were crystallised twice from pure samples and dried 
by heating in a platinum crucible. 

For experiments at 0°, a bath containing finely powdered ice 
was used, jacketed by a second vessel containing ice. The tempera- 
ture varied from 0° to 0*05°. For experiments at 18°, a thermostat 
was used, the extreme variation of temperature being 0*02°. For 
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dilutions below 1000 litres, a closed conductivity cell made of Jena 
resistance glass was used, and for higher dilutions, a closed quartz 
cell, made by the British Silica Syndicate. 

The bridge wire was carefully calibrated, and the resistances 
were National Physical Laboratory standards of 1, 10, 100, and 
1000 ohms. 


Dielectric Comtants of Mixtures of Pyridine md Water. 

The Nernst method was employed as modified by Turner 
(^Zeitsch. physiJml. C'kem.y 1900, 35, 385). A Wehnelt interrupter 
was used in the primary circuit of the secondary coil ; it consisted 
of two thin platinum wires dipped in dilute sulphuric acid. The 
anode could be raised up and down by means of a rack and pinion 
arrangement, and a sharp, fine tone obtained at 16 volts by careful 
adjustment. The dielectric constant of pure pyridine at 0°, with 
chemically pure benzene as the liquid for comparison, was found 
to be 12'5 from the equation 

•'o ” * 

where />*(, is the dielectric constant of the known substance, s the 
number of scale divisions the condenser plate has to be moved 
when the vessel is empty, Sn the number for the substance of known 
dielectric constant, and S for the unknown substance. For binary 
mixtures of water and pyridine, j)ure pyridine was used as the 
comparison liquid, aud the dielectric vessel consisted of a platinum 
crucible, and a platinum disk attached to the end of a platinum 
rod passing through a hole in the ebonite cover of the crucible. 

Although pure pyridine and pure water have themselves very 
little specific conductivity, the conductivity of the binary mixture 
increases with increasing proportion of water, and for a mixture 
containing 90 per cent, of water, it is as high as 10 x 10'® mho at 
18°. The data for the dielectric constants of the mixtures contain- 
ing a large proportion of water are therefore not very accurate, as 
it !S very difficult to get a sharp sound minimum in the telephone. 


Table I. 


Percentage by weight 
of pyridine in water. 

m-0 

92-5 

80-0 

67-0 

fiO-0 

dOO 

200 


Dielectric constant 
at O '. 

130 

15-3 

22-9 

27-7 

400 

56-4 

68-3 


Dielectric constant 
at 18°. 

12-5 

16-0 

21-0 

25-1 

37-0 

52-2 

64-1 
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ilohcldaT Conductivity of Salts Jn Mixtures of Pyridine and 
Water. 

Mixtures containing 80 or 60 per cent, by weight of pyridine 
(Jo not dissolve the chlorides of barium, potassium, and sodium 
easily. A definite amount of salt was therefore first dissolved in 
a given quantity of pure water, and pyridine then added. Barium 
chloride is not very readily soluble in these mixed solvents. Even 
iu the case of A/dO-solutions, ciystals generally separate on keep- 
ing overnight. The state of supensaturation can, however, be easily 
Biaintained for the few hours necessary for taking a complete set 
of readings at various dilutions. 

The molecular conductivity of the solutions is rather small, and 
hence the correction for the conductivity of the solvent becomes 
quite appreciable when the dilution is 80. The accuracy of the 
data for higher dihition depends on this solvent correction, and it 
was therefore necessary to determine the specific conductivity of 
the solvents every few hours. Tn table.s II, 111, IV, V, VI, and 
VII are given the observed values of equivalent conductivities at 
0° and 18°. They are compared with those calculated from the 
observed value of X,((| from equation (3) in the case of uni- 

T.riiLE IT. 

<=0°, 


Solvent containing 40 per cent, by weight of pyridine. 


Salt. 

r 

.-n 

10. 

40. 

80. 

640. 

2560. 

XaCl 

X obs 


221 

24-6 

25-5 

27-6 

28-6 


Xcalc, from obs. 

- 20-3 

22-5 

24-6 

25*6 

27-4 

28‘1 

KC] 

X obs 


2o-0 

28-3 

29-3 

31-4 

32-2 


X calf*, from Xjjjj obs. 

30-0 

25-3 

28-2 

29-2 

3M 

31-8 


X obs 


200 

23-6 



27-7 

29-0 


X calc, from Xj^oobs. 

- 26-1 

196 

234 

— 

28-0 

29-3 


Table III. 
t=0'’. 

Solvent containing 60 per cent, by weight of pyridine. 


Salt, 

V = 

10. 

20. 

40. 

80. 

640. 

2560. 

XaCl X obs 


12-7 



14-8 

— 17*3 

18-0 

Xcalc. from obs. 

= 16-1 

12-9 

— 

14-8 

— 17*0 

17-5 

KCi Xobs 



14-55 

15*7 

16-5 

18-3 

19*1 

Xcalc. from X^j^ obs. 

= 17*2 

~ 

14*80 

15-7 

16-5 

18*2 

18-8 

X obs 


10-2 

_ 

12-9 

— 16-1 

17-0 

Xcaic. from Xjggolw. 

= 14-8 

9-9 

— 

12-7 

— 16-3 

17-3 


3 E* 
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Table IV. 
«= 0 °. 


Solvent containing 80 per cent, by weight of 

pyridine. 




V - 20. 

40. 

80. 

640. 

5120. 

NaCl 

\ oti^ 

.. b-9 

lO-l 

— 

13-5 

152 

Xcalc. from ob.^. — 12'1 

.... 9-4 

10-4 

— 

13-2 

14-4 

KCl 




101 

10 8 

13-8 

liV.y 

Xcalc. from X, 5 a ol)s. — 11-9 

“ 

10-3 

IM 

131 

14-3 


Table V. 







18°. 





Solvent containing 40 per cent, by weight of pyridine. 


Salt. 


V = 10. 

40. 

80. 

640. 

2560 

NaCI 


40-4 

44-0 

46'0 

50-1 

ni-s 

Xcalc. from Xj^o obs. *= 17-9 

.... 40-9 

45-1 

46-7 

49'8 

6M 

KCl 


46*8 

51-5 

r)3'8 

57’ 8 

59-4 

Xcalc. from Xja) obi*. = r>.v6 

.... 47-4 

52-3 

54-1 

57*8 

592 



38-2 

‘jV2 

__ 

53-5 



Xcalc. from Xj^ obs. -■= oO-l 

.... 37-3 

44-8 

— 

03-8 

r)0'2 


Table VI. 






t = 

18°. 





Solvent containing 60 per cent, by weight of pyridine. 


Salt. 

V = 

to. 20 . 

40. 

80. 

640. 

2560. 

NaCl 

X obs 

25-1 

29=4 

— 

34' 1 

35'2 


Xcalc. from Xj^^obs = 32-0 

25-6 — 

29no 

— 

33-6 

34-7 

KCl 

X obs 

— 28G 

.310 

.32'3 

35-8 

37-5 


Xcalc. from X,goObs. = .34*1 

— 29-4 

31-3 

32-8 

35-9 

37-3 

BaCb 

X obs 

19-6 — 

24-9 



31-4 

n-i 


Xcalc. from X.gyolvs. — 2S-7 

19 1 — 

24-5 


31-7 

33-8 


. Table VII. 







= 18 °. 





Solvent containing 80 per cent, by weight of pyridine. 


Salt. 


O 

11 

40. 

80. 

640. 

5120 

NflCl 

X obs. 

17'2 

19-5 



26'3 

29'fl 


X calc, from X,6oobs. = 23-4 

.... 18-1 

201 

— 

25-8 

27-!) 

KCl 

X ob? 



19-1 

210 

25-0 

28-9 


Xcalc. from XjjpObs. = 22*7 

— 

19-5 

21-2 

25-2 

27-3 


univalent salts, and from equation (4) in the case of barium 
chloi ide. In the tables. T' is the equivalent dilution in litres and 
A the cquivalcnl. condnctiviiy. 
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It will be noticed from the above tables that the agreement 
between the observed and calculated values of equivalent con- 
ductivitieB are within the limits of experimental error, except in 
the case of the solvent containing 80 per cent, by weight of 
pyridine. Here the extreme deviations between the observed and 
calculated values are as much as 7 per cent. Perhaps in the mixed 
solvent rich in pyridine there is a slight complex-formation. 
Hartley, Thomas, and Applebey (T., 1908, 93 , 538) have deter- 
mined the molecular conductivity of lithium nitrate in mixtures 
of varying proportions of pyridine and water. It appears interest- 
ing to examine whether their experimental data agree with those 
calculated from equation (3). The observed values of molecular 
conductivity in table VIII are taken from their paper. 


Tablf. VIII. 


1 = 25°. Halt: Lithium Nitrate. 


Mol. per 
cent, of 
pyridino 
' in 

solvent. r = 

83-98 \obs 

Xcalc from X« ob?. 

IG. 

20-1 

.33. 

24-4 

61. 

27-5 

128. 

32-1 

25C. 

35-4 

512. 

38-3 

1024. 


1.5-8 

19-3 

23-3 

27-5 

31-9 

36a 

40-1 


73'76 

Xobs 

Xcalc. from X. obs. 

251 

26-5 

30-3 

33-2 

3.3-9 

381 

40-5 


19d 

22-9 

26-S 

30-3 

33S 

37-0 

39-6 

41-G 


X obs 

Xcalc. from X;, obs. -• 

24- 9 

27-4 

29-5 

30-7 

.3*2-2 

33-2 

- 


21-5 

24-4 

26-6 

28*4 

300 

31-2 

31-9 

— 

31-^8 

X obs 

Xcalc. from X. obs. — 

27-5 

29-4 

310 

32-4 

33-5 

34-4 

- 


25-2 

27-4 

29 1 



32-2 

32-5 






— 

d-71 

X obs 

X calc, from Xo obs. — 

00-8 

03-1 

64-9 

66-3 

67o 

68-5 

69-5 


58-1 

61-0 

6.3-3 

65- 1 

66-7 

G7-6 

68-2 

68-5 


It will be at once seen that the agreement between the observed 
and calculated values of molecular conductivity is quite satis- 
factory. It IS peculiar that in the solvent containing a 46 67 
molecular peii»ntage of pyridine, which is equivalent to 79 per 
cent, by weight, of pyridine, the observed values of equivalent 
conductivity for lithium nitrate agree with the calculated values 
within the limits' of experimental error. It is strange that the 
simpler salts, like potassium and sodium chlorides, should show 
greater deviations. 


3 £,* 2 
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Viscodty of Mixtures of Pyridine and W ater. 

Hartley, Thomas, and Applebey (loc. cit.), and Dunstan and 
Thole (T., 1907, 91, 1728), have determined the viscosity of 
mixtures of pyridine and water at and 25°. No simple relation 
like that discovered by Walden between the molecular conductivity 
and viscosity of the solvent in solutions of tetraethylammoniuni 
iodide exists here. Following the lead of Bousfield, Hartley, 
Thomas, and Applebey conclude from the comparison of viscosity 
and conductivity data of lithium nitrate in mixtures of pyridine 
and water that there is a change in the size of the solvent atmo- 
sphere attached to the ions as the composition of the solvent 
changes. Although speculations in this field do not lead to 
tangible results, it was thought advisable to complete the investi- 
gation by determining the viscosities of the mixed solvents used 
in this invesiigation at 18°. For this purpose, a Dunstan and 
Thole type of viscosimeter was used. The results are given in 
table IX. 

Table IX. 


Peieenta."e of pyridino 

Viscosity of Llie .solvoiit mixture 

in the solvent mixture. 

relative to water tat 18". 

80 

2-375 

UO 

2-572 

40 

2153 


It will be observed that the conductivity of the salts continually 
increases as the ])crcentage of pyridine in the solvent diminishes 
from 80 to 40. The viscosity of the mixture of pyridine and water, 
however, passes through a maximum, when tho percentage by 
rs-eight of pyridine is approxiniat,ely 65. 


Conclusion. 

The molecular couduclivity of the chlorides of potassium, sodiiini, 
and barium in mixtures of pyridine and water was studied. The 
dielectric constants of the solvents varied from 12 to 68; the 
experimental data confirm the hypothesis of complete ionisation 
of strong electrolytes as developed by the author. 

My best thanks are due to Prof. F. R. Donnan, F.R.S., for his 
hind interest and help in providing the apparatus necessary for 
this investigation, and to my friend Mr. J. N. Mukherjee. 

Chemical I abobatoey, 

UvTVEPSiTY College, 

LoNDOiy. [Received, October \ Wi, 1920.1 
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CLII . — The System Benzene-Ethyl Alcohol-Water 
between + 25 ° and — 5 °, 

By Nevii. Vincent Sidgwick and William James Spcerell, 

Several investigations liavo been made on parts of ibis system at 
various temperatures, but no complete study has yet been published 
of the conditions of separation of solid benzene from a mixture of 
tie three components. 

This question is of general theoretical interest, and also of some 
practical importance, in view of the use of mixtures of benzene 
and alcohol as motor fuel. 

Considering, first, the two-component systems involved, (he system 
water-benzene is soon disposed of. The mutual solubilities at any 
temperatures with which we are concerned are very small. At 
23°, the solubility of water in benzene is 0'061 per cent* (Groschuff, 
Heitich. Ehktrochem., 1911, 17 , 348); at 13°, that of benzene in 
water is 0'15 per cent. (Mooro and Roaf, I'roc. Boy. Soe., 1905, \B], 
77, 96). If we assume that the solubilities change with temperature 
in tho same proportion as the vapour pressures, their values near 
the triple point (5'4°) will be; water in benzene 0-082, benzene in 
water 0'092 per cent. The temperature of the triple point, solid 
benzene-liquid benzene-water, has been found to be 5'39° (Sidg- 
wick, this vol., p. 1340) — one-tenth of a degree below the freezing 
point of benzene; that of the triple point, icc-water-benzene, is by 
calculation -0'01G°, the solubility of the benzene at this 
temperature being 0-069 per cent. 

The system water-alcohol also scarcely concerns us. The freez- 
ing-point curve of solutions of w’ater in alcohol has been measured 
(for example, by Pickering, T., 1893, 63, 1015); a 10 per cent, 
solution freezes at about -4-6°, but the solubility of benzene in 
such a solution is so small that we did not investigate the ice 
curve. 

The system benzene-ethyl alcohol is of much greater importance. 
The freezing-point curve has beeu examined by several observers. 
Our own results (extrapolated for anhydrous alcohol) are nearest 
to those of Pickering {toe. cit., p. 1019), with w-hora Viala {Butt. 
Soc. ehim.j 1914, [iv], 16 , 5) and Rozsa {Ztitsch. Eiektroehem.. 
1911, 17 , 934) also agree fairly closely. McIntosh (/, Physical 
lihem., 1896, 1 , 480), who also measured this curve, states that his 

’ .411 solnbilitie.s in this paper are expreased in grams of solute per 
grams of solution. 
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alcohol may liave contained water; from our results, it seems that 
it must have contained about 4 per cent. 

The three-component system has been examined by McIntosh 
{lac. cit.), Taylor (J. Physical Ckem., 1S96, 1, 301, 461), Lincoln 
(ibid., 1900, 4, 176), Bonner (ibid.^ 1910, 14, 779), and Rozsa 
(loc. cit.). McIntosh investigated the freezing point of the 
benzene, and drew attention to the remarkable fact that the freez- 
ing point of benzene containing alcohol is raised by the addition 
of water; he correctly explained this as being due to the increase 
of the vapour pressure of benzene on addition of a component in 
which it is insoluble, but his numerical results are vitiated by the 
presence of water in his original alcohol. Taylor, Lincoln, and 
Bonner examined the two-liquid equilibrium between 10*^ and 25“^, 
and determined the composition of the conjugate solutions (tie- 
lines). Rozsa investigated the system both above and below the 
freezing point; his results are difficult to understand, as he does 
not define his concentrations, but on tlie most probable hypothesis 
they are roughly in agreement with ours. 

These results taken together give an incomplete account of the 
behaviour of the system in the neighbourhood of the freezing poiih; 
of benzene. We have endeavoured to extend and complete them. 


R X P ER I M EN T .K I,. 

The method adopted was to prepare mixtures of alcohol and 
water of known strength; these were mi.xed with various knovm 
proportions of benzene, and the temperature was determined at 
which the liquid separated ijilo two layers or the benzene crystal- 
lised out. The concentrations are always expressed in grams of 
component per 100 grams of solution. 

The alcohol was obtained by distilling ordinary ‘'absolute" 
alcohol with lime; the percentage of water in it was determined 
from the density, using the tables given in the last edition of 
Beilstein's “Handbuch der Organischen Ohemie.” From this, the 
requisite aqueous mixtures were prepared gravimetrically. The 
purest alcohol used (99’5 per cent.) was obtained from this by 
redistillation after treatment with anhydrous copper sulphate. 

The benzene was freed from thiophen by sulphuric acid, aiid 
frozen out seven times; it was then distilled over sodium. 

The apparatus consisted of an ordinary Beckmann tube with 
air jacket, thermometer, and stirrer. A known weight of one of 
the liquids was placed in it, and successive amounts (usually 1 c.c.) 
of the other added through the side-tube from an accurate pipette, 
which had been carefully graduated by weight with the particular 
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liquid to be used in it. The tube was warmed or cooled by a Ijath 
of water, ice, or ice and salt. 

The thermometers 'had been compared with an instrument 
standardised at the Reichsanstalt, and were checked by redeter- 
minations of the ice-point. The readings were corrected, when 
necessary, for the emergent stem. At high concentrations of 
benzene, the method of supercooling could be used, as the amount 
of solid benzene separating did not seriously affect the proportions. 
At lower concentrations, the point was observed at which the last 


Table I. 


Alcohol, 99-5 per cent. 


Benzene. 

Per cent. 

Temp. 

92-42 

4-2-9o' 

80-29 

1-26. 

75-33 

0-50 

70-92 

-0-14 

67-0.5 

-0*86 

62-05 

-1-94 

57-85 

-2-94 

5416 

-4-16 

50-95 

-5-42 


Alcohol, 9S 0 per cent. 


95-20 

f-3-50 

93-09 

3-10 

91-12 

2-76 

86-86 

2-22 

81-82 

i-62 

77-15 

1-08 

69-23 

0-03 

65-56 

-0-72 

58-76 

-2-10 

53-30 

-.3-90 

50-.55 

-4-62 

48-30 

— 5-72 

Alcohol, 95- 

76 2Jer cent. 

94-50 

4-3-48 

89-60 

2-84 

81-15 

1-86 

77-51 

1-48 

65-70 

0-12 

59-35 

-1-04 

55-46 

-1-92 

52-04 

-2-75 

49-02 

-3-62 

46-34 

-4-42 

43-94 

-5-34 


Alcohol, 90-06 per cent. 
89-18 +30-7 (L) 

87-5o 26-1 IL) 

86-88 23-9 \L) 


Alcohol, 90-06 per cent. 
— covtd. 


Benzene. 
Per cent. 

Temp, 

85-24 

16-r (i) 

84-30 

ll-O (i) 

83-18 

.5-2 (L) 

82-54 

2-0 (I) 

81-10 

2-51 

74-22 

2-13 

68-,33 

1-78 

.5942 

0-95 

55-6(> 

0-42 

49-31 

-- 0-51 

46-62 

- 0 91 

42-09 

- 1-97 

37-65 

- 3-54 

3.5-76 

■ 4-30 

31-05 

514 

.Alcohol, 

86-0 per cent. 

73-89 

-f 28-3 (£) 

72-81 

22-7 (£) 

71-63 

17-6 (£) 

70-35 

12-9 (t) 

68-03 

8-5 (£) 

67-38 

4-3 (£) 

Alcohol, 1 

80-10 per cent. 

63-52 

-L39-2 (£) 

61 66 

32 1 (£) 

57-41 

19-6 (£) 

50-55 

9-2 (L) 

47-14 

5-2 (L) 

44-19 

1-6 (L) 

44-19 

2-45 

39-24 

2-00 

33-03 

0-96 

30-64 

0-30 

26-78 

- 1-12 

25-18 

- 2-02 

23-76 

- 2-97 

22-50 

~ 3-75 

21-36 

- 4-G7 


Alcohol, 74-18 per cent. 


Benzene. 
Per cent. 

Temp. 

44-43 

-F29-5^ (L) 

38-23 

20-3 [L] 

.35-12 

15-2 iL) 

31 02 

7-75 [L) 

28-90 

3-00 {L) 

27-04 

- 1-25 (L) 

27-04 

-i- 2-.30 

24-0.3 

•1 1-20 

18-64 

- 2-2.5 

17-65 

- 3-10 

1.3-90 

- 4-85 


Alcohol, 69-08 per ceift. 


27-67 

+ 25-3 [L) 

25-88 

21-2 [L] 

24-31 

17-3- iL) 

22-91 

13-5 (L) 

21-07 

9-9 f£) 

20-55 

6-5 (L) 

19-06 

1-95 (L) 

18-20 

2-30 

17-1.5 

1-52 

15-37 

0-02 

13-72 

- 1-34 

12-37 

- 3-02 

11-81 

- 3-70 


Alcohol, 

57-66 per cent. 

10-53 

+ 15-4 

(£) 

10-05 

12-15 

(£) 

9-25 

7-1 

(£) 

8-56 

2-3 


8-27 

- 0-40 


8-27 

+ 2-15 

6-66 

- 2-92 


6-34 

- 4-20 



Alcohol, 39 ppi cent 
Less than 

1-0 4-25-0 (L) 
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crystals remained in equilibrium with the liquid. For the Lm-o- 
liquid equilibria, the point was taken at which the liquid, on sIo^v 
cooling, became sufficiently turbid to obscure a bright object placed 
behind it. 

The results are given in table I (p. 1399). The temperature 
is in every case the mean of two or three concordant observations ^ 
these, in the solutions containing more benzene, did not differ by 
more than 0*P, but in the weaker solutions differences of as much 
as 0‘25° could not always be avoided. 

Each series in the table was carried out with alcohol of the 
strength stated at the head; the percentage of benzene given in 
the first column is the number of grams in 100 grams of the result- 
ing mixture. The points marked (L) are those in which the 
separation was into two liquids; in all other cases they are the 
freezing points of the berizene. One or two solutions gave points 
of both kinds, a higher (stable) solid and a lower (metastable) 
liquid point. 

From the curves, the values for a series of round temperatures 
were interpolated, and these are collected in table II. The first 
column gives the temperature, the second the freezing points of 
mixtures of benzene and anhydrous alcohol from the results of 
Pickering (loc. cit.)-, the other columns are from our own experi- 
ments. The two-liquid points are distinguished by an asterisk. 
The total composition of any liquid is, of course, obtained thus: 
the percentage of benzene is that given in the table; the per- 
centage of water or alcohol is obtained by multiplying the difference 
between this and 100 by the proportion of water or alcohol (from 
the figure at the top of the column) in the aqueous alcohol used. 
At the foot of each column is given the percentage of benzene and 
the temperature at the triple point solution I-solution Il-solid 
benzene. 

The results are plotted for temperatures from -f 5*^ to -5° in 
Fig. 1, the full lines representing tw'o-liquid and the dotted line? 
liquid-solid equilibria. 


Discussion of EesuUs. 

The eqiuHbr:jm of a three-component system can be expressed 
only by a solid diagram; this can take the form of a triangular 
prism, the isothermal curves being represented on a series of 
triangles. Each of the curves obtained by adding varying quanti- 
ties of benzene to aqueous alcohol of a definite strength (which are 
plotted in Fig. 1) represents a section of this solid diagram by a 
plane which contains the temperature axis passing through the 
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benzene edge of the prism, and cuts the opposite side along a 
vertical line corresponding with the particular mixture of alcohol 
and water employed. The isothennals for three temperatures 
namely, +25®, +3®, and —5®, are plotted on the triangle iu 
Fig. 2. At 25® there is, of course, only the two-liquid equilibrium 
represented by the innermost curve. The dotted tie-lines, giving 


Fig. 1. 



Benzene. Weight per cent. 

Full lines : Liquid-liquid equilibria. 
Dotted lines : liquid-solid ,, 


the compositions of the two liquids in equilibrium with one 
another, are texen irom Taylor’s measurements [loc. cit.). 

At temperatures below 5'49®, solid benzene is present at B (pure 
benzene), and extends further along BA as the temperature falls. 
At + 3°, for example, the solid is in equilibrium with a mixture 
of benzene and alcohol containing 6-18 per cent, of the latter. If 
water is added to this mixture, the freezing point of the benzene 
is raised, because the water, being insoluble in the benzene, 
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increases its vapour pressure. In order, tlierefore, to remain in 
,]ie 3° isotherm, if water is added, alcohol must also be added; the 
^Qli(l_liquid curve (the dotted line) will thus iiicUiie to the right. 
Our results show that when it has reached the point a second 


Fio. 2. 
Water. 
W 



+ 3' Isothenii : Solid-liquid v 

Liquid-liquid /g) 

— S" Isothenn; 

Dotted tie lines, Taylor, 25°. 

Full tie lines, Sidgwick and Spurrell at 

liquid phase appears; we have now reached the triple line, solid 
benzene-solution I-solution 11 (conveniently written S-LJ-L 2 ). 
This new liquid is the conjugate solution, the composition of which 
is given by the point h, which is at the other end of the tie-line 
being in equilibrium with the first liquid, it must have the 
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same pressure of benzene vapour, and so must also freeze at 3^. 
Thus at 3° the Li-L, part of tfre ourve is conhned to the part ah; 
at b the solid curve begins again, passing between the two-liquid 
curve and the side .4 W. 

The triple line, that is, the curve joining the whole series of 
triple points S-Lj-L.^ lor all mixtures of alcohol and water on 
addition of benzene, will begin on the line HJV (no alcohol) at 
5*39'^ (triple point, water-benzene liquid-benzene solid) at two 
points corresponding, respectively, with 99‘97 and 0'092 per cent, 
of benzene. As successive quantities of alcohol are added, the 
temperature of the triple points will fall, but at any given tempera- 
ture (not too low) there will be two triple points corresponding 
with two conjugate solutions joined by a lie-line; these points will 
move towards one another with a fall in temperature as the alcohol 
increases, but more rapidly from the water than from the benzene 
side (owing to the position of the tie-lines), until they finally meet 
at the plait-point, where the tie-lines vanish. The temperature 
of this point is the lowest at which two liquid phases made up of 
water, alcohol, aud benzene can co-cxist. Our results show that 
this temperature is -^2-50^^, and the composition of the liquid 
about 80 per cent, of benzene and 2 per cent, of water; at 23° 
Taylor found at the plait-point 80'2 per cent, of benzene. 

At -5° no second liquid can exist. The solid benzene curve 
has the form of the outer dotted line; somewhere near the water 
end it must meet the ice-curve, which at —5“ starts on AIT at 
91 per cent, of water, but the solubility of benzene in this region 
is so small that it could not be investigated. 

One point of practical importance may he mentioned, in view 
of the use of these mi.xtures for motor fuel. If a fourth com- 
ponent (another hydrocarbon) were added, the freezing point of 
the benzene would be proportionately lowered (some 5° for 10 per 
cent.), but if a paraffin were used for this purpose, it would 
certainly increase the tendency of the liquid to separate into two 
layers. The solubility of paraffins in alcohol containing water is 
extraordinarily small. The system hexane-alcohol-water has been 
examined at 0° by Bonner (loc. cit., p. 777); the heterogeneous 
area occupies nearly the whole triangle. For example, whilsl 
90 per cent. ; .|ueous alcohol will dissolve up to four times its 
weight of benzene, it will only dissolve a third of its weight of 
hexane. 

.Org.vxic CiiK.\iiSTBv Larorvtorv, 

Oxford, [Hecelprit, Seplembrr Ci/i. 1920.] 
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CLin . — The Catalytic Action of Iodine in Sulphonation. 
Part I. 

By JSanexbba Naih Ray and JIanik Lal Dey. 

The present investigation was undertaken with the view of ascer- 
liining whether the addition of a trace of iodine to sulphuric acid 
(D l'd4) facilitates the sulphonation of aromatic compounds (coui- 
])are Heinemann, Brit. Pat. 12260 of 1915). It has been found 
that ordinary sulphuric acid and a trace of iodine can advan- 
tageously be used in place of fuming sul))huric acid with or without 
the addition of phosphoric oxide, etc. The nature of the product 
is changed in certain cases, thus making easy the preparation 
of some of the acids difficult to obtain. The catalytic sulphonation 
is facilitated by the presence of an amino-, hydroxy-, or halogen 
group in the molecule, but proceeds with less ease in the case of 
carboxylic acids, and is inhibited in the case of nitro-compounds. 
This fact probably explains the non-formation of di.sulphonic acids 
in the product. It is significant that there is an optimum tempera- 
ture for each reaction in which maximum transformation takes 
place. It has also been noticed that there is some liberation of 
iodine vapour, but no trace of sulphur dioxide or hydrogen iodide 
could be detected in the space above the reaction mixture. 

The discrepancy between the actual yield and that theoretically 
possible was accounted for in nearly all cases by the unchanged 
original material. 

Experimental. 

In the expei'imeiits to be described below, the general 
method of work was to heat a mixture of a few grams of 
the substance and the calculated quantity, or an excess, of 
sulphuric acid (D T8-1), together with a trace of iodine, for 
a few hours at the temperature, determined by trial, at which 
the transformation was greatest. The product was poured 
into water, the free sulphuric acid removed with barium 
carbonate or hydroxide, and the acid liberated from the filtrate by 
exactly neutralising with sulphuric acid. The solution of the free 
acid was concentrated, whereupon it was obtained in a crystalline 
condition. In some cases the product was poured into a saturated 
solution of potassium chloride, when the potassium salt separated 
in fine crystals (o-nitrophenol, etc.). The acid or the potassium 
salt was converted by the usual method into the sulphonyl chloride. 
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from which, the amide, mercaptan, etc., were prepared in order to 
characterise it. Some of the sulphonic acids described gave colon: 
reactions with ferric chloride and characteristic salts with heavy 
metals. When the acid could not be satisfactorily identihed, it 
was transformed through its amino- or nitro-groups, etc., into the 
corresponding hydroxy- or amido-compounds, etc., in order to 
establish its constitution. In some cases it was found convenient 
to extract the sulphonic acid from the sulphonated mass with 
alcohol (o-toluidine). 

The results obtained from the faision of the products with 
potassium hydroxide were not taken into account unless sub- 
stantiated by further evidence. 


Sulphonalion of Benzoic Acid. 

A mixture of 12 grams of benzoic acid, 9 c.c. of sulphuric acid, 
and a small crystal of iodine was heated at 175 — 180° for about sh 
hours, at the end of which time no free benzoic acid separated on 
diluting a sample. The liquid, after cooling, was poured into water, 
when a clear solution was ol)tained. The solution w'as neutralised 
with barium carbonate, the precipitated barium sulphate filter^ off, 
and the Filtrate exactly neutralised with dilute sulphuric acid. Aft^r 
filtering, the liquid was concentrated to a syrup, and, on keeping 
in a desiccator, crystals were obtained, which were drained, washed 
with a small quantity of alcohol, and dried over sulphuric acid in 
a vacuum. The anhydrous crystals melted at 134—135° (uncorr.\ 
and were very hygroscopic. 

A test experiment was conducted side by side with the above in 
which no iodine was used; almost the whole of the benzoic acid 
was recovered unchanged. 

The crystals in aqueous solid ion gave a reddish-brown coloration 
with ferric chloride, but no precipitate, and were identified a;; 
c-sulphobenzoic acid by the formation of salicylic acid when fused 
with potassium hydroxide at a moderately low temperature 
(Found; S = 15'0. Calc, for acid -i-lH._,0: S — 14'57 per cent.). 

In the above experiment, about a gram of benzoic acid sublimed 
away, and wa: thus not sulphonated. 

The following table gives a resume of the results obtained witn 
other substances : 
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Substance. 

Products by 
knownmethods. 

Toluene 

0 - and jj-acids 

Benzoic acid 

m- and j?.ackk 

phthalic Bad 

— 

Catechol 

.3 acid 

Quinol 

mono- and di- 

o-N'itrophcnol 

sulphonic aciils 
p-acid 

j)-NitrophenoI . . . 

o-aeid 

VLtrobenzene 

— 

fti-Dinitrobenzene . 

— • 

o-Nitrotoluene . . . 

p-aeid 

^.Nitrotoluene . . . 

o-acid 

o-Nitroaniline 

p-acid 

p.Nitroaniline . . . 

o-acid 

3 .Nitroaniline . . . 

d-acid 

o-Toluidine 

o-acid 

p-Toluidine 

— 

Chlorobenzene . . . 

0 - and p-acid 

Bromobenzeue . . . 

0 - and p-acid 


By tho 


Opti- 

mum 

Time 
of re- 

present 

Yield. 

temper- 

action 

method. 

Per cent. 

ature. 

Hours. 

p-acid only 

00-95 

100“' 

1 

o-acid 

Above 95 

175-190 

1 0 

no product 

— 

— 


4-acid 

75 

50-55 

u 

mono-a'ud 

73 

70 

4 

7 >-aeid 

TO 

320 


o-acid 

50 

100-105 

5 

no product 

— 

— 


no product 

— 


— 

j)-acid 

70 

150 


o-acid 

5 

140 

4 

p-a(;id 

00 

125 

4,^ 

o-acid 

50 

140 

S' 

6-aeid 

10 

150 

ih 

o-acid 

60-^65 

150 

3’ 

no product 

— 

— 



p-acid 

85 

no 

H 

p-acid 

83 

100 

2 


Summary and Conclusion!^. 

(1) Iodine acts as a positive catalyst in sulphouation. 

(2) Catalysis takes place smoothly when hydroxy-, amino-, chloro-, 
bromo-, or carboxy-groups are contained in the molecule, but with 
difficulty, or not at all, with nitro- or sulphonic substituents. 

(3) There is an optimum temperature for each substance when 
the maximum transformation takes place. 

We have much pleasure in according our best thanks to "Sir 
P. C. Ray for the interest he has taken in the work. 

CorxEGE or Science, 

TJnivkrsity of Calootta. [Received, January 2M, 1920.] 


CLIV . — The Resolution of the Kelo-dilactone of 
Benzophenone-2 : 4 : 2' : i'-telracarhoxylic A cid. 

By William Hobson Mills and Charles Reynolds Nodder. 

It follows from the theory of the tetrahedral distribution of the 
four valencies of the carbon atom that a sn?rocyclic compound of 
the type 



-liuuld exist ill two eiiauliomorplious forms. 
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Previous attempts to obtain experimental confirmation of the 
molecular asymmetry of such compounds by resolution into 
optically active antipodes have, howeverj been unsuccessful (March- 
wald, j5er., 1906, 39, 1176; Leuchs and various pupils, Btr., 1912, 
46, 189, 2114; 1913, 46, 2420), although Leuchs and Gieseler 
were able to obtain bis-5-bromo-y-valcrolactone-aa*spirane, which 
contains only two asymmetric carbon atoms, in three inactive 
modifications, and they attributed the existence of the third foria 
to the presence of a third centre of asymmetry in the substance, 
due to its 5p?Vocyclic configuration- 
A spiVocyclic compound of the type in question which appeared 
specially suitable for investigation is the keto-dilactone (I) of 
benzophenone-2:4;2^:4^-tetracarboxylic acid (II). 


GO^H 

/\ 

I I 

\/\ 


,co 


0 C— 0 

OC\^l\ 

I I 


C'OjH 

(I) 


CO.H 


''I, 


\/ 

I 

CO 


CO.H 


HOjCA 

\/ 


( 11 .) 


Tliis compound was prepared by one of us (Froc. Camh. FliiL 
Sue., 1915, 18, 149) from di-m-xylyl ketone by oxidation to benzo- 
pheiionetetracarboxylic acid, and dehydration of the latter by heat- 
ing with hydrochloric acid. The method of synthesis, together with 
the fact that the j>roduct possesses the correct molecular weiglil, 
as we have found by the ebullioscopic method in acetone solutioD, 
leaves no doubt that it possesses the structure represented above. 

After unsuccessful attempts with the commoner alkaloids, n 
have succeeded in resolving this substance into two optically activ 9 
modifications with specific rotations [a]p of approximately ±1/' 
by means of a synthetic optically active base, a-phenylethylamins 
(Hunter and Kipping, T., 1903, 83, 1147 ; Loven, J. jir. CAem., 
1905, [ii], 7T, 307). Using the d-base, the Aacid was obtained, 
and the d-acid was isolated from the filtrate with the aid of tie 
f-base. 

The l-Ecto-dihicfonic Acid . — The following experiment is 
described as an example of several which have been carried out 
with similar results. The beto-dilactonic acid (5’75 grams) was 
suspended in methyl alcohol (100 c.c,), and a solution of 
(f-a-phenylethylamine (4 09 grams), having [a]j' 39-64“, in metlyl 
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alcohol (12 c.c.) was added drop by drop. The temperature rose 
from 22° to 26°, and a clear solution was obtained after the addi- 
(ioa of about two-thirds of the base. After all the base had been 
introduced, dry ether (110 c.c.) was added. The salt rapidly 
crystallised, crystallisation being assisted by rubbing with a glass 
rod. The crop thus obtained (about 7 grams) was recrystallised 
from a mixture of methyl alcohol (210 c.c.) and ether (330 c.c.). 
The recrystallised salt (about 2 grams) was decomposed by treat- 
ment with hydrochloric acid (D 108), and the liberated keto- 
dilactonic acid carefully washed with water and dried. It was 
dissolved in methyl ethyl ketone, in which it is more readily soluble 
than in the other common solvents, and polarimetrically examined; 
1 0373 grams in 30 c.c. gave o»' -2'2r)° (1 = 4), whence 
■[a]“-16-3° 

Of this product, O-OtS gram was combined, as before, with 0'671 
gram of d-base. About 1 gram of salt was obtained’ which, on 
decomposition, gave 0'6127 gram of acid. This was polarimetric- 
ally examined: 0'6127 in 13T c.c. gave a'ff' -1-58° (1 = 2), whence 
[a]iT' —16 9°. The 1-keto-dilactonic acid was recovered from solu- 
tion and analysed (Found: C = r)9-4; H = 2-44. C’ljHgOg requires 
C=59'99; H=:2'37 per cent.). 

The highest specific rotation which we have observed for the 
1-acid in the experiments which we have carried out up to the 
present is [ajg’ -17'4° in methyl ethyl ketone solution. 

Tht i-Ktio-Jactonic .4 c/d,— The filtrate from which, as described 
above, the first crop of d-base-l-acid salt had been deposited gave, 
on acidification, T3 grams of an acid, which proved to be dextro- 
rotatory; 0-679 gram in 30 c.c. of methyl ethyl ketone gave 
a); 0-71° (1=4), whence [a]|| 7-9°. This acid was then combined 
with 1-o-phenylethylamine, having [o];,' -38-5°, in the following 
manner. The acid (1-23 grams) was suspended in methyl alcohol 
(10 c.c.), 1-base (0'87 gram) dissolved in methyl alcohol (2 c.c.) 
was added, and the salt precipitated with dry ether (6 c.c.). The 
acid (0-6585 gram) liberated from this salt was again combined 
with 1-base (0-47 gram). The salt thus obtained gave, on decom- 
position, 0-659 gram of acid, which was polarimetrically examined; 
0-559 gram in 13-1 c.c. gave a]> 1-60° (1-2), whence [o]!? 17-5°. 
From this acid, by repeating the above process, 0-426 gram of acid 
was obtained, on which the following observation was made: 

0 426 gram in 13-1 c.c, of methyl ethyl ketone gave a” 1-11°, 
whence [o]); 17-1°. This acid was then recovered from solution 
and analysed (Found: C=59-70; H = 2-38, C,.HA reouires 
C=59-99;H = 2-37 per cent.). » 8 H 

The optically active forms of the keto-dilactonic acid are con- 
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siderably more readily soluble tbau the racemic form in all solvents 
examined. When saturated solutions of the d- and ?-modifications 
in methyl ethyl ketone are mixed, an immediate, copious precipitate 
of the racemic form is produced. 

To show the dependence of the optical activity on the lactonic 
structure of the compound, a solution of the d-acid in approxim- 
ately 1 per cent, sodium hydrogen carbonate was examined in the 
polarimeter. The rotation was observed to diminish gradually, 
sinking to the half value in about twenty-four hours, and 
disappearing completely in about four days. 

Further experiments on larger quantities of material are in 
progress in order to extend these observations, and particularly to 
determine the specific rotation of the optically pure acids. 

One of us (C.R.N.) is indebted to the Department of Scientific 
and Industrial Research for a grant, for which he desires to express 
his thanks. 

U>nvEasiTY Chemical Laboratory, 

Cambridce. [Refeiwd, November 2'nd, 1920,] 


CLV , — The Preparation and Physical Properties 
of Carbonyl Chloride. 

By Ralph Hall Atkinson, Charles Thomas Hepcock, and 
William Jackson Pope. 

Although carbonyl chloride, COCU, was discovered by John Daw 
in 1812 {Phil. Trans. ^ 1812, 102 , 144), and has found extensive 
scientific and technical applications, very little information is 
contained in the literature concerning its preparation and 
physical properties ; Davy obtained the substance by effecting the 
combination of carbonic oxide and chlorine under the influence of 
sunlight, and this method, of preparation was elaborated by Wilm 
and Wischiii (Annahn^ 1868, 147 , 150). Schutzenberger [Bull. 
Soc. chim., Ic39, [ii], 12 , 198) and Armstrong [Proc. Roy. Soc., 
1870, 18 , 504) prepared it by the action of sulphur trioxide on 
carbon tetrachloride; the latter method has been recently studied 
by Grignard and XTrbain {Compt. rend., 1919, 169 , 17), and used 
by Paterno and Mazzncchelli (GazzettCy 1920, 50 , i, 30) in their 
determination of the physical properties of carbonyl chloride. 

On the introduction of carbonyl chloride as a weapon of chemical 
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warfare, it became necessary to ascertain which method of pre- 
paration was most adaptable as a works process for manufacture, 
,,nd one described by Paternb (Gazzetla, 187S, 8, 233) presented 
itself as probably the best for this purpose, Paternb states that, 
on passing a rapid current of mixed carbonic oxide and chlorine 
at the ordinary temperature over animal charcoal, carbonyl chloride 
is produced very rapidly, with considerable evolution of heat. 

Difficulties were encountered in carrying out the Paternb method 
of preparation; a number of samples of commercial animal and 
vegetable charcoals proved almost without effect as catalysts. 
Ultimately, a charcoal was prepared which gave quite remarkable 
results in inducing the combination of carbonic oxide and chlorine; 
this was made in the following manner. Fresh ox bones were 
crushed, embedded in sand in a clay crucible, and burnt in a 
muffle furnace; the residual charcoal was then well extracted with 
hot hydrochloric acid, washed with water, and heated, as before, in 
sand. Finally, the bone charcoal was kept at a red heat for some 
■time in a current of dry chlorine. 

The charcoal prepared in this way was crushed into small frag- 
ments, and, after sifting off the dust, 10 grams were filled into a 
U-tube immersed in a water-bath; a rapid current of mixed 
carbonic oxide and chlorine, in which the former was in rather the 
greater volume, was then passed over the charcoal. Carbonyl 
chloride was produced freely when the water-jacket was kept at the 
ordinary temperature, but, on raising the bath temperature to 
between 40“ and 60°, combination proceeded at a greater rate than 
that at which it was possible to supply the mixed gases. Using 
the bone charcoal catalyst in the manner described, and liquefying 
the carbonyl chloride by means of a freezing mixture, about 
10 kilograms of the compound were produced without any sign that 
the activity of the 10 grams of charcoal had suffered diminution. 

It is thus shown that Paterno's method for preparing phosgene 
is correctly stated, but that certain precautions are necessary in 
the preparation of the animal charcoal used. Further investiga- 
tions showed that certain hinds of vegetable charcoal act even more 
vigorously in inducing the condensation of carbonic oxide and 
chlorine, and the highly activated wood charcoal used in the Army 
box respirator proved more efficient as a catalyst than the bone 
charcoal described above. A U-tube containing 10 grams of the 
box-respirator charcoal, which had been heated in a current of 
chlorine gas, proved extremely efficient when the water-jacket was 
maintained at 14°, and one such tube kept at this temperature 
yielded more than 20 kilograms of carbonyl chloride, with no sign 
that the catalytic activity had diminished. In the work 
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subsequently tlescribed- in this paper, this active vegetable charcoal 
was used. 

The carbonic oxide required for laboratory work on the pre- 
paration of carbonyl chloride is conveniently prepared by passing 
carbon dioxide over red-hot coke contained in iron tubes heated in 
an ordinary combustion furnace; the resultant gas, after passing 
over slaked lime and drying over sulphuric acid, is practically pure 
carbonic oxide. In industrial operations, it is to be expected, 
however, that the available carbonic oxide will contain hydrogen. 
It thus becomes of importance to compare the reactivity of carbonic 
oxide and hydrogen with chlorine under the catalytic influence of 
charcoal. 

A series of experiments was therefore arranged in which varying 
proportions of hydrogen were mixed with the carbonic oxide and 
chlorine passed over the catalyst. It was found that the vegetable 
charcoal was so active at 14® in inducing the combination of 
carbonic oxide and chlorine that no ailvantage accrued from heat- 
ing it to 90°, and that, working at temperatures below 70°, no 
hydrogen chloride was produced; at 80°, a small proportion of 
hydrogen chloride was formed, and this was greatly increased at 
90°. It is thus shown (hat an active form of charcoal will effect 
the complete conversion of a mixture of carbonic oxide and chlorine 
into carbonyl chloride at a temperature 50° below that at which 
it begins to exhibit catalytic activity towards a mixture of hydrogen 
and chlorine. This conclusion seems of importance in connexion 
with the manufacture of carbonyl chloride from carbonic oxide 
containing hydrogen. 

Carbonyl chloride dissociates into carbonic oxide and chlorine at 
moderately high temperatures; Bodenstein and Dunant {Zeitsch. 
jihjsikal. Chem., 1908, 61, 437) state that under atmospheric 
pressure carbonyl chloride dissociates to the extent of 67, 80, and 
91 per cent, at 503°, 653°, and 603°, respectively, and that dis- 
sociation is complete at 800°. The results obtained by these 
observers indicate that carbonyl chloride is appreciably dissociated 
at 300°. 

A little consideration will show that if carbonyl chloridg free 
from chlorine is to be manufactured from a mixture of carbonic 
oxide and chic vine containing an excess by volume of the former, 
the temperature of the catalyst must be maintained below that at 
which carbonyl chloride suffers appreciable dissociation. Further, 
it may bo ancicipated that, within the dissociation range of 
temperature, the catalyst will act comparatively sluggishly; the 
chlorine content of the produced carbonyl chloride should thus be 
higher than that indicated by (.he equilibrium composition, and the 
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catalyst would become feebler with prolonged use. The following 
experiments were made for,tho purpose of further elucidating this 

question. 

X mixture of chlorine and carbon monoxide, containing 2’5 per 
cent, excess by volume of the latter and standing over brine 
saturated with chlorine, was dried over sulphuric acid and calcium 
chloride and passed over the absorbent charcoal, the latter being 
contained in a glass tube 45 cm. in length and 1-9 cm. in diameter, 
at different temperatures. For temperatures from 20° to 150°, the 
tube was heated in an oil-batb; for temperatures from 150° to 520° 
the tube was wrapped in three layers of copper gauze, encased in 
heavy iron gas pipe, and heated in a gas furnace, the gas pressure 
being carefully regulated. A quill tube was fitted into the axis 
of the catalyser tube, so that the temperature at any point could 
be measured by a copper-constantan thermo-couple. Control 
e.-cperiments showed that, on sliding the thermo-couple along the 
lube, the maximum temperature variation from place to place and 
for a period of several hours was not more than 10° when no 
chemical action' was occurring. With this arrangement of 
apparatus, it proved easy to obtain carbonyl chloride free from 
chlorine at temperatures between 50° and 200°, and to collect 90 
to 97 per cent, of the theoretical yield of phosgene. The 
important point was established, however, that the major part of 
the Combination took place at the position in the tube first exposed 
to contact of the mixed gases. This was further demonstrated by 
keeping the first, or entrance, halt of the tube at 18°, and the 
second, or exit, half of the tube at 100° ; the main disengagement 
of heat occurred at the junction between the cool and the hot 
charcoal. By sliding the thermo-couple along the tube, the heat- 
ing effect of the reaction could be followed as the couple was passed 
along the tube from the front of the exit half to the front of the 
entrance half. 

It would be expected that, on subjecting mixtures of carbon 
monoxide and chlorine to (he action of the catalyst, a certain 
maximum temperature would be attained w'bich could not be 
e.xce6ded — the equilibrium temperature at which the reverse action 
absorbed the heat liberated. On passing the mixed gases at the 
rates of 0'84 and 2'4 litres per minute, the temperature of 464° 
was attained, and remained constant; this is to be regarded as the 
maximum temperature which can be attained in the large-scale 
catalysing vessels used in the manufacture of carbonyl chloride. 
In the experiments just described, it is noteworthy that at the 
rate of flow of 0'84 litre per minute, the layer of charcoal found 
to be at 464° was only about 3 mm. long, whilst when the gas 
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passed through at 2'4 litres per minute, the layer of catalyst main, 
tained at 464° was some 10 mm. in thickness. Attempts to prepare 
carbonyl bromide with the aid of charcoal as a catalyst were 
unsuccessful. 


The Dksociatioii oj Carbonyl Chloride. 

Since the combination of carbon monoxide and chlorine is higLlv 
exothermic, CO + Cl 2 = COCl 2 + 26C, and the catalyst used is vetv 
active, it seemed undesirable to attempt the investigation of the 
dissociation curve of carbonyl chloride by the study of the associa- 
I ion ; the foregoing experiments have shown the difficulty of main- 
taining the catalyst at an even temperature during the formation 
of the chloride. A series of experiments w'as therefore made on 
the dissociation of carbonyl chloride for the purpose of determining 
the equilibrium between it and its dissociation products witii 
temperature at the atmospheric pressure. Since the dissociation is 
endothermic and must proceed to equilibrium in contact with (he 
catalyst, it should be possible to ensure that the catalyst will be 
kept at an even temperature, and will set up equilibrium at that 
temperature. 

The carbonyl chloride used in all the further work described 
below was prepared from carbon monoxide and chlorine, and pre 
served in glass vessels in contact with mercury to ensure its freedom 
from chlorine. 

The absorbent charcoal was maintained at a constant tempera- 
ture, as described above, and a slow, steady stream of dry carbonyl 
chloride was passed over it. The gaseou-s products were passed 
through a separating funnel, A, of 338 c.c. capacity, entering at 
the bottom and leaving through a side-arm in the shoulder; whei 
all the air had been displaced from .1, the two taps were closed 
and a 20 per cent, potassium iodide solution was run in from a 
dropping tunnel, B, stoppered into the iieck of A. After well 
shaking the whole apparatus, further quantities of potassium iodide 
solution were run iit until action was at an end. The solution was 
then washed out with water and the iodine titrated against thio- 
sulphate in c. der to determine the free chlorine present in the gas. 
The residual gas, consisting of carbon monoxide with some carbonyl 
chloride and usually a little air, was pasised into a gas pipette and 
shaken with sodium hydroxide solution to remove the chloride. 
The carbon monoxide was determined by absorption in a hydro- 
chloric acid solution of cuprous chloride; the residual air was 
measured, and its volume deducted from the volume of the cylinder. 
.1. Direct determinations of the chlorine, carbon monoxide, and 
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carbonyl chloride are thus obtained ; the volumes of carbon mon- 
oxide and chlorine always corresponded closely, and in table I, 
which summarises the results, the mean of the two slightly difiering 
volumes is given. 

The degree of dissociation, 7>, of the carbonyl chloride is calcu- 
lated from the formula 

_ 100 X Volume of Cl, 

Volume of UOC’l, -H Cl 

aud the curve (Fig. 1) is drawn by plotting the values of D agaiust 
(he temperature. 


Table I. 


Dissociation of Carbonyl Chloride. 




Percentage by weight. 

Volume [Kii- cent. 

ffi 


T”. 

COCb. 

Cl,. 

CO. 

COCl.. CO & CJ. 

sociatioii, 

B. 

1 

. 101 

99-54 

0-32 

013 

99-10 

0-45 

0-45 

i 

. 102 

99-50 

0-36 

014 

99-01 

0-50 

0-50 

3 

. 151 

99-50 

0-36 

014 

99-01 

0-50 

0-50 

4 

. 153 

00-40 

0-38 

015 

90-05 

0-53 

0-53 

0 

. 208 

99-16 

0-60 

0-24 

98-36 

0-82 

0-83 

6 

. 211 

09-20 

0-53 

0-21 

08-55 

0-73 

0-74 

7 

. 237 

98-68 

0-94 

0-37 

97-41 

1-30 

1-32 

8 

. iso-a 

98-80 

0-82 

0-33 

97-74 

J-13 

M4 

9 

. 309 

94-38 

402 

1-50 

89-38 

5-Sl 

5-61 

10 

. 314 

94-51 

3-04 

1-55 

89-61 

5-48 

11 

. 318 

04-37 

4-03 

1-60 

89-34 

0-33 

5-63 

l:> 

. 341 

02-48 

6-38 

2-14 

68-05 

6-98 

7-00 

13 

. 400 

78-62 

15-34 

6-04 

64-79 

17-00 

21-36 

U 

. 40« 

82-56 

12-50 

4-94 

70-31 

14-84 

17-43 

15 

. 443 

68-89 

22-31 

8-80 

52-57 

23-71 

31-08 

U 

. 449 

66-60 

23-90 

9-40 

49-23 

25-39 

34-02 

i: 

IS 

. 460 

04-00 

25-78 

10-17 

47-14 

26-43 

35-92 

. 486 

58-32 

29-80 

11-79 

4M9 

29-41 

41-65 

19 

. 505 

66-51 

24-02 

9-47 

49-85 

2508 

33-47 

I’d 

. 505 

46-77 

38-17 

1505 

30-5o 

34-72 

53-19 

21 , 

. 506 

72-48 

19-74 

7-78 

56-87 

21-57 

27-00 



. 517 

70-54 

21-13 

8-33 

54 51 

22-75 

29-45 


The method of experimentation which has been applied has the 
fault that it does not ensure the dissociation products being cooled 
so rapidly that their partial recombination is prevented. The 
effect of this is seen in the fact that certain points, namely, those 
from experiments numbered 19, 21, and 22, lie off the general 
course of the graph; in these experiments, the gas current was 
passed much more slowly than in the others. In consequence, it 
may be found later that the degree of dissociation for any 
particular temperature, as now recorded, is too low. 

for practical purposes, it may be concluded that experiments 
1 to 4, referring to temperatures of 100° to 150°, have given 
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identical results; the results of experiments 5 and 6, made at 
temperatures just above 200°, show a distinct increase m the 
degree of dissociation indicated at 100° and 150°. This increase 
is still more marked at 237° and 239°. 

The accuracy of the suggestion made above, that carbonyl 
chloride free from chlorine can only be produced at temperatures 


Fig. 1. 

Dissociaiion of carbotiAjl chloride.. 



0 10 5,20 :*0 40 50 00 

PfrcenUoje degree of dissociation. 


below 200^, must be regarded as fully substantiated by the above 
experimental results. 

It is note*' '‘rthy that dissociation is indicated as occurring, ever 
at 100® and 150®, by the results now recorded. It will be seeO; 
however, that no difference is observable between the degree oi 
dissociation indicated at 100® and 150®; the indication may there’ 
fore bo attributed to some other cause than that of dissociation 
possibly to the slight reaction between potajgium iodide in ihf 
acid solution and carbonyl chloride referred to below. Such t 
reaction would not disturb the equal volume ratio found betweei 
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(he carbon monoxide and chlorine, and it is recorded by Besson 
(Compt. rend.f 1896, 122, 140) that carbonyl chloride dissolves 
hydriodic acid, with liberation of iodine. 

Whilst Bodenstein and Dunant (loc. at.) found that carbonyl 
chloride is dissociated to the extent of 67 per cent, at 503°, the 
smoothed curve (Fig. 1) expressing the Cambridge results indicates 
the dissociation to be 55 to 56 per cent, at this temperature. The 
former workers analysed the mixture of gases by bubbling it* 
through aqueous potassium iodide solution, and it is known that 
pure carbonyl chloride liberates a small amount of iodine in such 
a solution, and that the quantity of iodine formed increases on 
keeping (Delepine and Ville, Bull. Soe. chirn., 1920, [iv], 27, 283). 
It is significant that Bodenstein and Dunant obtained higher values 
for the dissociation in those experiments which lasted the longest 
(45, 80, and 120 minutes), and that the dissociation-temperature 
curve plotted from their results slopes at an improbable angle. 
The heat of formation of gaseous carbonyl chloride, calculated from 
the degree of dissociation, is +25-4 C. at 475° and +23 4 C. at 
425°, according to the Cambridge results, and + 19'2 C. at 528° and 
+ 26*6 C. at 578°, calculated from the results of Bodenstein and 
Dunant. Thomsen (" Thermochemische Untersuohungen,” 1882, 
II, 364; Ber., 1883, 16 , 2619) gives the value +26*14 C. at the 
ordinary temperature, and criticises adversely the value + 18*8 C. 
previously obtained by Bertbelot. 


Vapoar Pressure of Carhonyl Chloride helween -100° and +100°. 

The boiling point of carbonyl chloride is given by Beckmann 
{Zsltsch. anorg. Ckeni.f 1907, 65, 370) as 8*2°/756 mm.; no other 
data concerning the vapour pressure of this compound were avail- 
able before the recent publication of Patemb and Mazzuccbelli 
[loc. cit.), who made a series of determinations at temperatures 
between —19° and +24°. We have determined the vapour 
pressure at temperatures from -183° to +18° in one type of 
apparatus, and by means of another have extended the results up 
to +100°. 

The apparatus used in the determination of the vapour pressure 
between -183° and +18° is depicted diagrammatically in Fig. 2. 
The distillation flask, F, of about 60 c.c. capacity, is connected 
with a diSereutial manometer, HB, placed in front of a silvered 
mirror on which a millimetre scale is engraved, so as to avoid 
parallax. Through the neck of the flask passes a thistle funnel, 
S, for the purpose of sealing the leads of the thermo-couple air- 
tight by means of Faraday wax at the point where the bulb joins 

VOL. cxvn. 3 jr 
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the stem. A joint thus made was found to be very satisfactory 
and quite unattacked by carbonyl chloride vapour. 

The thermocouple used was of copper-constantau ; one junction 
was kept in ice and the other in the liquid carbonyl chloride. Tlic 
couple was connected to a delicate millivoltmeter, which could he 
read with accuracy to O'Ol millivolt. For the graduation of the 
couple, the following temperatures were assumed : 


Table II. 



100” 

Millivolts. 

+4-07 

000 




-39 

-1-38 

Solid carbon dioxide ruid ether 

Boiling liquid oxygen 

-79 

-183 

-2-65 

-512 


Fio. 2. 



The miilivoHs corresponding with each of these temperatures 
were read off on the instrument, and the results plotted. The 
accuracy of th ^ calibration was confirmed by determining with ths 
aid of the couple the boiling point of a very pure sample of 
ethylene ; this gave the value — 104°, which compares well with 
the standard value of — 103'5° given by Wroblewski and 
Witkowski. 

After some preliminary trials, the following procedure was 
adopted. About 50 c.c. of pure liquid carbonyl chloride was dis- 
tilled into the flask, F ; the mercury was then run out of the mano 
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„,eter, and the whole apparatus exhausted while the contents of 
the flask were maintained at -80°. The temperature of the 
carbonyl chloride was then allowed to rise until vapour was freely 
given off. This process was repeated several times (Juring the three 
Jays occupied by the experiments, so as to ensure the complete 
absence of air. 

A series of observations of the pressure and temperature of the 
carbonyl chloride was made at the selected temperatures, with the 
I'ollowing results (table III) : 


Table III. 



Teraperature. 

Pressure 
nun. of Hg. 



10-07x760 



5-11x760 

noli-6 





668’i} 

230‘0 

895 

4-0 

0 mm. 

Freezing point of mercurv 

Solid carbon dioxide and ether 

Boiling liquid oxygen 

-39 

-79 

-183 


These results have been plotted on the curve (Fig. 3), from 
which the vapour pressures of carbonyl chloride for each 10° 
between +20° and -100° have been taken; these values are 
included in table V. 

After the vapour pressure of carbonyl chloride had been 
measured over the range -183° to +18°, recourse was had to a 
different form of apparatus in order to extend the observations up 
to 100°. A sealed tube containing carbonyl chloride and a special 
type of manometer was heated in a water-bath to the desired 
temperature, and kept there for two to three hours. The glass 
manometer is shown in Fig, 4. The graduated tube, AB, was 
carefully calibrated by means of mercury. At the same time, the 
volume of the manometer was measured by weighing the amount 
of mercury which it contained. After the manometer had been 
thoroughly cleaned, the tube, AB, was silvered internally. The 
slight difference in the weight of the manometer before and after 
sflvenug proved that the amount of silver deposited was so small 
that its effect could be neglected. 

ae manometer, having been carefully cleaned and dried, was 
tiled with dry air and lowered into a hard glass tube containing 
stout 10 c.c. of dry mercury (see Fig. 5). A wire, IF, served to 
seep the manometer upright in the centre of the tube. The tube 
»as drawn off, and finally sealed after 30 c.c. of pure liquid 
arbunyl chloride had been introduced in the usual manner; due 
'sre was taken to ensure that the space above the liquid contained 

3 F 2 
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carbonyl chloride vapour only, and that air waa abaent. The 
pressure tube, placed inside an iron tube, was kept at 50 for t»o 
hours in a water-bath. 

As the pressure of the vapour increases, it forces the mercur, 
into the manometer, thereby compressing the air. When the 


Fig. 3. 

Vapour pressure oj carbonyl chloride. 
IfT. 


0-005 0*004 0-003 0-002 O-OOI 



mercury rises into the silvered part of the tube, it dissolves the 
silver as far as the highest point it reaches. Thus a record is made 
of the volume of the compressed air at the temperature of tb 
experiment. 

After the tube had «>oled and a note been made of the point 
to which the mercury had dissolved the silver, the experiment was 
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repeated at 100°. The following data were obtained: volume of 
manometer, 4 675 e.c. ; barometer, 758 mm.; temperature, 16*6°. 
Volume of compressed air at 50° = l-038 c.c., and at 100°=0'ko c c 
The following results were calculated after applying corrections 
[or the pressure of the columns of carbonyl chloride and mercury; 

Vapour pressure of carbonyl chloride at 50“ 5-1 1 x 760 mm. 

” >» 100 = 16'07 X 760 mm. 

It was noticed that the surface of the mercury was slightly dirty 
Fig. 4. Fro. 5. p’io_ 



after these experiments; it is suggested that some chemical change 
occurs in accordance with the equation 

2Hg + COCl2=CO + Hg.,Cl2, 

and that the two values last given may be rather high by reason 
the formation of a trace of carbonic oxide. 

Jrom the vapour-pressure determinations now recorded the 
molwular heat of evaporation (without performance of external 
wk) of carbonyl chloride between 0° and 8° is calculated as 
pproximately 5500 calories. A molecular heat of evaporation of 
ca ones for carbonyl chloride gives a value of 28'^ to 29° for 
point of this solvent j Beckmann 
anorg. Ghem., 1907, 55, 371) has determined this 
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t„iKr oo 9q° Since the latter value is obtained 

ZL..„t b,l,— U. "V 

'""’Our^lues for the vapour pressure of carbonyl chloride at the 
higher temperature are rather higher than the Italian ones, whilst 
at 0° and below the reverse is the case. That our values are co„. 
rnrdant among themselves is seen from the fact that the curve 
Jotted between the reciprocal of the absolute temperature and the 
logarithm of the observed vapour pressure is practically a straight 
line; this curve is, indeed, drawn as a straight line in Fig. 3. 

Since the vapour-pressure curve for carbonyl chloride onty begirt 
to fall rapidly at below -40°, it is clear that considerable losses 
will occur in the preparation unless the effluent gas saturated with 
carbonyl chloride is cooled well below -40° The solnbility of tile 
chloride in a number of liquids, from which it might be-suh- 
sequently recovered by evaporation, was therefore ascertained m 
order to learn whether washing the effluent gas with a solvent 
. would lead to economy. 


Muhility of rarhom/l Chloride in Organk Liquids. 

Two or three c.c. of the solvent to be uied are placed in a glass 
bulb of about 10 c.c. capacity immersed in a constant-temperature 
bath and a slow current of the gas evolved from gently boiling 
carbonyl chloride is passed through the bulb until no further 
absorption occurs. Saturation was generally complete in about 
three hours, and the contents of the bulb were then hermetically 
sealed. The weight of the saturated solution was given by direct 
weighing, and the quantity of carbonyl chloride present determined 
by breaking the bulb in a closed bottle containing 50 or 100 c.c, 
of standard sodium hydroxide solution and titrating with standard 
acid. The number of grams of carbonyl chloride dissolved by 
100 grams of solvent are now stated. 

ToUene.-kt 17'0°, 23-5° 30-5° and 31-5°: 244-7, 124-2, 79-38, 
and 74-48 resnectively. 

Coal-tar Xglene.—M 12-3°, 16-4*=, 16-9°, 23-8°, and 29-8 ; 
457-3, 225-C, 217-9, 103-4, and 71-24 respectively. 

Cre^oaote Oil . — At 16'2°: 77'42. 

Petrolevm hailing at 180- 280°.— At 12-3°, 15-8°, 16-7°, 22-4”, 
23-7”, 29-9°, and 30°: 2G3-8, 163-1, 14’3-4, 79-5, 71-2, 49-2, and 
48-6 respectively. 

Heavy TMhricatwg Oil . — At 15'6°, 23'5°, £iTid 3l'0°: 79 7, 39 ? 
and 24'5 respectively. 
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Sitrohemene.—ia^-i at I6'8°. 
a-Chloronaphthalene. — 104-5 at 17 0° 

Chlorobemene.~At 12-3° 16-6° 16-7° 24-2° and 29-7° • 492.1 
204-3, 321-6, 99-9, and 81-9 respectively. f i • 422 1, 

Acetylene Tetrachloride.— At 16-8°, 25-1°, and 29-9°- 140-7 
89 - 4 , and 74-9 respectively. ' ’ 

The .solubility of carbonyl chloride differs widely according to 
the solvent Toluene, coal-tar xylene, and chlorobenzene are by 
far the best solvents of those examined, and in view of their 
elevated boiling points would appear to offer mo.st advantages a,s 
scrubbing agents for effluent gases containing carbonyl chloride. 
Ordinary burning petroleum boiling at 180° to 280° is the next 
best solvent, and heavy mineral lubricating oil and acetylene 
tetrachloride are not quite so good. ’’ 


Meltin;, ami Freezing Points of Carbonyl Chloride. 

The only recorded melting point f«r carbonyl chloride is that 
given by Erdmann (Annalen, 1908, 362, 148) -as -118°. Our 
determinations were made by immersing the bare junction of a 
standardised copper-constantan thermo-couple in pure liquid 
carbonyl chloride; on colling in a bath of liquid air, the carbonyl 
chloride solidified to a white, crystalline mass, and on allowing the 
temperature to rise slowly, the temperature, as recorded by a milli 
voltmeter, remained steady at -126° throughout the melting of 
the substance. On cooling the liquid very slowly, with constant 
shaking, the carbonyl chloride commenced to crystallise at -128°. 


Density of Liquid Carbonyl Chloride. 

The density of liquid carbonyl chloride was determined by 
Wyel (Annahn, Fupp., 1870, 7, 106) as 1-432 
a / and as 1-392 at 18-6°/4°; Paterno and Mazzucohelli (lor. 
b t ^ determinations 

t Zn-o density 

mete i -79 - 0 , and -b49-9° with the aid of weight thermo- 

meters of transparent silica; two such thermometers A and B 
'fwe used. ’ 

After filling the thermometers with mercury and repeatedly 
«ing out, they were cobled for some hours in ice, dried in a 
ciium desiccator, and weighed, precautions being taken to collect 
-^ mercury overflow; thermometer A contained 80 1054 grams of 
'Kury at 0 , whilst. B contained 67-2640 grams. Assuming 
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Regnaulfs value of 13-5955 grams for the of 1 c.c. of 

mercury at 0°, the capacities of A aud 3 are calculated as 5-8920 

and 4-9475 c.c. respectively. , ■ 

Thermometer 4 was Slled with mercury at 0°, heated in a steaa 
hypsometer (Bar. 768 mm.) for an hour, and then weighed; it 
contained 78 6835 grams of mercury at 100-3 . From these values, 
the coefficient of apparent expansion of mercury m silica is calcu. 
laled as (l-4219)/(78-6835 x 100-3) = 0-000,180,17 ; assuming 
Regnaulfs value of 0-000,180,92 for the coefficient of absolute 
expansion of mercury between 0° and 100°, the coefficient of cubic 
expansion of transparent silica becomes 0-000,000,75, a quantity 
which is smalt enough to be neglecte.d. 

Ill making the density determinations at 0° and lower temperi 
tures, the thermometer A was filled with liquid carbonyl chloride 
in the ordinary way and kept at the steady, low temperature for 
for half to one hour; no attempt was made to weigh the vessel, on 
account of the difficulty of preventing moisture from the air con- 
densing on it during transference. The weight of carbonyl chloride 
was found by removing the 'tube from the cooling bath and lower- 
ing if. into a bottle containing 200 c.c. of ice-cold standard (2.T| 
sodium hydroxide, which was then stoppered and clamped. Tie 
liquid in the thermometer slowly boiled off, usually taking from 
one to two hours, and when all had evaporated and reacted w-it!i 
the alkali, the excess of the latter was determined by titration 
with an acid ; the weight of carbonyl chloride was then calculated. 

In making the determination at 1-49-9°, the weight thermo 
meter, B, was filled at -79°, and was then lowered, nose down- 
wards, into a stout combustion lube, the lower end of w-hitl 
contained mercury. Cold carbonyl chloride was poured into tie 
lube, which was then drawn off and placed inside an iron lube 
(see Fig. 6) gradually healed to 49-9° in a water-bath, and 
kept at that temperature for three hours. The tube was then 
slowly cooled, finally in ice and salt, and opened in the same wav 
as in an ordinary pressure-tube experiment. The thermomelei', 
which now contained mercury and carbonyl chloride, was w'itl- 
drawn from the tube, drenched on the outside with cold etier, 
placed in the dandard sodium hydroxide solution, and allowed to 
become warm slowly; the titration was then performed as before. 

All errors due to the deformation of the silica tube by pressure 
were in this way eliminated, as the pressure within and without 


the tube was practically the same. 

The density of carbonyl chloride (that is, weight in grains ol 
1 c.c.) was determined at -104° (boiling point of ethylene), -13" 
(solid carbon dioxide wetted with ether), 0° (ice), and 



(thermo-regulator); the results of the actual experiments are given 
ill ubular form (table IV). 


Table IV. 



Weight 

Weight of COCl 

Temperature. 

-104-0“ 

thermometer. 

/ A ^ 

l(Vol. 5-892 c.c.)/ 

in grams. 

9-892 

-79 

9-519 

-79 

M 

9-503 

0 

» 

8-463 

0 

/ S ^ 

\(Vol. 4-948 c.c.)/ 

8-443 

f49-9 

6-502 


Deasity of COClj. 
{Weight of 1 c.c. 
of liquid.) 

1-679 

1-616 

1-613 

1-436 

1-433 

1-314 


From these results, a smooth curve was drawn, and a table 
(table V) constructed giving the density of carbonyl chloride for 
each 10° from - 100° to + 50°. 


Table V. 


Density and Vapour Pressure of Liquid Carhomjl Chloride. 


Tempera* 

Density. 

ture. 

Gratns per o.c. 

-110“ 

1-685 

-100 

1-663 

--90 

1-040 

-80 

1-617 

-70 

1-594 

-(50 

1-572 

-:>o 

1-549 

-40 

1-526 

-;io 

1-504 


Vapour 
pressure. 
Mm. of 

Tempera* 

mercury 

ture. ' 

— 

-20 

— 

1 -10 

— 

0 

4 

+ 10 

U 

+ 20 

24 

+ 30 

47-G 

+ 40 

85 

+ 50 

141 



Vapour 

pres.sure. 

Deusity. Mm. of 
rams per c.c. mercury. 
1-481 226 

1-459 361 

1-435 668 

1-412 844 

1-388 1212 

1-363 _ 

1-33S — 

1-314 5-11x760 


The mean coefficient of cubical expansion of carbonyl chloride 
between -79° and 1-19-9° is calculated as 

(1-6145 - 1-3140)/(1-3140 x 129) =0-001,77. 

The values for the temperature ranges —104° to —79° —79° to 

and 0° to +49-9° are 0-001,60, 0-001,59, and 0-00184 
rapeotively. ’ 

The values for the density of liquid carbonyl chloride which we 
™w give are slightly higher than those obtained by the Italian 
TOkers; the latter obtained their product by the action of sulphur 
Jioxide on carbon tetrachloride, and it is curious that Einmerling 
ind iengyel, who prepared their material, as we did, by the corn- 
nation of carbonic oxide and ehlorine, obtained results for the 
nsities which are almost identical with ours for the ( wo tempera- 

3 F» 
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turee at which they worked. The discrepancies between the results 
obtained by Pateriio and Mazzucchelh and by ourselves mjj 
possibly be traced to the presence of some characteristic impurity 
in the carbonyl chloride made by one or th^ other method. 

The work described in the present paper was carried out for the 
purposes of the Chemical Warfare Department, and permission for 
its publication has been given by the General Staff. Our thaula 
are due to our assistant, Mr. George Hall, for much help i, 
experimental work. 

Thk Ckemical Laboratory, 

University of Cambridce. [Received, October I5th, 1920.] 


QLVI. — 0- and p-Tolueneazoglyoxalines. 


By Frank Lee Pyuan aud T/Eonabd Allan Ravald. 


In continuation of previous work on arylazoglyoxalines (Farghei 
and Pyman, T., 1919, 115, 217), the interaction, of o- and 
p-toluenediazonium chlorides and glyoxaline has been studied. 
The methods employed and the products obtained are genorallj 
similar to those described in the previous communication. 

o-Toluenediazouiuiu chloride combines with glyoxaline in 
aqueous sodium carbonate, giving 2-o-tolueneazoglyua:aHne (I) in 
poor yield, a considerable amount of bis-o-tolueneazo-o-cresol being 
produced as a by-product. On replacing the sodium carbonate bv 
sodium hydroxide, the yield was very little better, but the by- 
products were of different character, whilst when sodium hydrogen 
carbonate was used in the place of sodium carbonate, bis-o-toluetie- 
azo-o-cresol was again produced, but no tolueneazoglyoxaline. 

2 - 0 - Tolueneazoglyoxaline resembles 2 - benzeneazoglyoxaline 
closely in physical and chemical properties. On reduction wilt 
stannous chloride, it gives 2-A'-dmmino-i-m-tolylglyoxaline (llj. 


CH— N 


>c-r:n 



(I.) 


CH-NH. „„„ 
NH.C >C 


( 11 .) 


The combination of p-toluenediazonium chloride with glyoxaline 
in aque<)us sodium carbonate lea,d3 to the formation of ^ 

azoglycxalint (III) in good yield, together with a small amount- 
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Dt an isomericie, doubtless i-p-tdumeazoglyoxaline (IV), and a 
qaantity of y(-tolu6neazo-p-cresol. We had expecti that 




Oil— iN 


(III.) 


CH-NH 

>n;n-B — 

(IV.) 


2 .p.tolueneazogIyoxalme would resemble 2-p-bromobeuzeneazo- 
glyoxalme in giving a good yield of 2 aminoglyoxaline when 
reduced with stannous chloride under the conditions employed by 
pargher ^d Pymau (foe. ut., p. 244), but this was not the case 
2 -ammoglyoxaline being produced in a yield of less than 16 per 
cent, of the theoretical, together with p-toluidine, guanidiL 
ammonia, and unidentified products. When 2.p-tolueneazo^ 
glyoxaline is reduced with ziuc dust and acetic acid under the 
conditions previously employed for the reduction of 2-b6nzeneazo- 
glyoxalme {ihid., p, 241), p-toluidine and glycocyamidine were 
obUmed m yields amounting to 97 and 42 per cent, of the 
theoretical respectively. 


Experimental. 

^•O'Tolueneazoglyoxalmt. 

o-Toluidine (lO-i grams) was diazotised, and the product added 
to a solution of fi’S grams of glyoxaline and 20 grams of anhydrous 
sodium carbonate iu 500 c.c. of water at 5°. After keeping over- 
night, the brown deposit was collected and extracted with 6 per 
cent, hydrochloric acid. On the addition of sodium carbonate, 
the extract deposited 4'8 grams of crude 2-o-tolueneazoglyoxalino 
melting at 165°, the yield amounting to 26 per cent, of the 
theoretical. The material insoluble iu dilute hydrochloric acid 
amounted, to 7 grams and melted at 120°; after recrystallisation 
Irom alcohol, it gave 3-3 grams of pure bis-o-tolueneazo-o-cresol 
which melted at 147° (corr.), and was identified by analysis 
[Found (mean); C = 72-4; H = 6-0; N = 16-6. Calc.; C = 72 2; 

-61; N-16'9 per cent.] and by comparison with a specimen 
prepared by the action of o-tolueuediazonium chloride on o-cresol 
(iNoelting and Werner, Ber., 1890, 23 , 3260). 

MolueneazoglyoxaUne crystallises from alcohol in brownish- 
p ow crystals of indeterminate shape, which melt at 185 — 186° 
l®rr.). It is very readily soluble in alcohol or chloroform, less 
_ ly so in ether or benzene (Found: C = 64-6, 64-4; H = 5'4, 
requires C = 64-5; H = 5-’4; N = 30T per 
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Reduction oj 2 -o-Tolueneazoglyoxalme with Stannous Chloride. 

Isolation of i-A'-Vicimmo-i-m-tolylglyoxaline. 

Two grams of 2-o-tolu6neazoglyoxaline weZe dissolved in 20 c.c, 
of hot 2-5 per cent, hydrochloric acid and mixed with 12 c.c. ol 
stannous chloride (40 per cent, w/v) in hydrochlonc acid. Qc 
cooling the solution and adding 20 c.c. of concentrated hydrochloric 
acid 4 grams of a crystalline stannichloride were deposited, which, 
after the removal of the tin, gave 2 grams of 2 :4'-diamino-4-,». 
tolylglyoxaline dihydrochloride, that is, 67 per cent, of the 

theoretical yield. , t • , 

‘I'A'-Diamino-i-m'tolylyiyoxQiine dihydrochloride separates from 
dilute hydrochloric acid in microscopic needles, which form a 
white, spongy mass. After drying at 50°, it contains IHjO. It 
is readily soluble in cold, very readily so in hot, water [Found (a 
substance dried at 50°); C=43'0; H=5'8; N = 19 9, 201; 
Cl = 25'7i HjO = 6-9. C,(,ni2N<,2HCl,H20 requires 0=430; 

H = 5-8; N = 20' 1; 01 = 25-5; 020 = 6-5 per cent.]. 

Its reactions with potassium permanganate, sodium mtro- 
prusside, sodium diazohenzene-p-sulphonate, and nitrous acid are 
similar to those of the lower homologue (f., 1919, 115 , 240). The 
base appears to be unstable, for, on the addition of ammonia lo 
an aqueous solution of the dihydrochloride, a white, flocculetl 
precipitate is formed, which rapidly darkens when separated from 
the solution. 

The sparingly soluble sulphate separates as a mass of woollj 
needles on the addition of sulphuric acid to an aqueous solution 
of the salt. 

The dipicrate separates as a crystalline powder, which melts at 
about 210° (corr.) after sintering earlier. It is sparingly solubl# 
in boiling water. 


2- and i-p-Tolaeneazoglyoxalines. 

p-Toluidine (10-7 grams) was diazotised, and the product added 
to a solution of 6-8 grams of glyoxaline and 20 grams of anhydrous 
sodium carbonate in 500 c.c. of water at 5°. After keeping over- 
night, the yello-wistbrown, insoluble product was collected and 
extracted with a per cent, hydrochloric acid. One gram of dad 
red, amorphous matter remained undissolved, and, on crystallisa- 
tion from alcohol, yielded p-tolueneazo-p-cresol, which melted at 
112° (corr.), and was identified by analysis (Found; C=73'?i 
H = 6-S; N = 12-5. Calc.: C = 74-3; H=6-3; N = 12-4 per cent.) 
and by comparison with a specimen prepared' by the action oi 
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J^toluenediazonium chloride on p^^resol (Noelting and Kohn, Ber., 
1884, 17, 354). The hydrochloric acid extract was hasified with 
sodium carbonate, and deposited 15-2 grams of the mixed toluene- 
jjoglyoxalinfs melting at 220°, that is, 86 per cent, of the 
theoretical yield. On reorystallisation from alcohol, 11-6 grams 
of 2-p-telueneazoglyoxaline were obtained in a pure state, and 
small crops of impure material. From the final filtrate, 
4 .p-folueneazogIyoxaline was isolated in the form of its hydrfr 

chloride. 

i-^p-Tolueveazofflyoxalirie. crystallises from alcohol in yellow 
leaflets, which melt at 235° (corr.). It is soluble in boiling alcohol 
to the extent of rather less than 5 per cent. (Found: C = 64'l, 
fft'4; H=5'6, 5'6; N=,30T. C,,|H„|N, requires C=64’5; n=5'4; 
N = 301 per cent.). 

The hydrochloride was crystalline, but deliquescent, 
i-p-Tolueneazoglyoxaline, prepared from the pure hydrochloride, 
crystallised from alcohol in yellow leaflets, which melted at 1.52° 
(corr.l (Found: C = 63'9; N = 31-0. requires 

C-64'5; H = !5'4; K' = 30‘l per cent.). 

The hydrochloride crystallises from dilute hydrochloric acid in 
he, yellow needles forming a felted mass. The air-dried salt 
melts first at 76° (corr.), loses 2H.,0 at about 117°, and melts again 
after darkening at 185° (corr.). It is very readily soluble in 
water [Pound (in air-dried salt): Cl = 13'8; H,0 = 13-5. 
CioH,„N 4,HC1,2H20 requires Cl = 13'7; H,0 = 13-9 per cent.]. 

We desire to thank the gaiters’ Institute of Industrial Chemistry 
for the grant of a fellowship, which has enabled one of us (L.A R ) 
to take part in the investigation. 

Municipal College of Technology, 

Univebsity of Manchester. [Rncwed, October 16ft, 1920.] 


CLVII. The Sulphojidtion of Glyoxcdines. 

By Fbane Lee Pyman and Leonard Allan Eavald. 

Dibeot sulphonation of glyoxalines has not been effected previously 
utm two CMOS derivatives of glyoxalin6-2^ulphonic add have been 
pared mdirectly. Thus, Anschiitz {.Innalen, 1895 2 84 18) 
> toed 4 :5-diphenylgIyoxa]i„^2-sulphonic add by the oxidltion 
-triol-4,5-diphenylglyoxalino, whilst salts of qaffeine-S-sulphomo 
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add are formed by the action of hot aqueous sulphites on 8-ohloro- 
caffeiuO (D.R.-P. 74045). 

In view of the stability and pronounced aromatic character of 
glyoxaline, it seemed probable that this base, like pyrazole and 
pyridine, would be susceptible to direct sulphonation, and this has 
proved to be the case, a alyoxalinestdphonk acid being obtained in 
good yield under suitable conditions. Presumably, sulphonation 
takes place in the A-position, as does nitration (Pargher and Pyman, 
T., 1919, 115, 217; Pargher, this vo!., p. 668), and the investigation 
will be continued and extended to alkylglyoxalines to eluddate this 
point. 


E X P ERT ME N TA L. 

Glyoxaline, ir. the form of its sulphate, was added to sulphuric 
add or fuming sulphuric add and the mixture heated. The dilutei 
solution was treated with barium hydroxide and subsequently with 
carbon dioxide, evaporated to dryness, and extracted with chloriv 
form. This removed the unchanged glyoxaline and left crude 


barium glyoxalinesulphonate. 

The consequences of varying the conditions appear in the follow. 


ng table : 

Propor- 
tion of 
fflv- 
oxaline 
No. (biwe) to 

Strenj^h 

of 

fuminff 
sulphuric 
acid In 
percentfM»e 


Duration 

Yield of 
sulphonato. 

Olv- 

of 

fuminff 

of free 


of 

Pernontag:© 

0 saline 

experi- 

sulphuric 

sulphur 

Tem- 

hoalin? 

of theo- 

recovered, 

ment. 

acifl. 

trioxidc. 

perature. 

(hours). 

retical. 

Per cent, 


1:2 


lOO" 

3 

Nil. 

85 

2 

1:3 

12 



Nil. 

74 

.3 


40 



4 


4 



160 


18-5 

.57 

5 




6 

0 

6fl 

a 



200 

3 

H 

8.5 

7 

,, 


260 


2 

48 

S 

,, 

50—60 

100 


20 

46 

9 



160 


52 

Trace, 

10 


,, 

j, 


5.5 

26 

11 

1 ; <* 




78 

Trace. 

12 





70 


13 


„ 

„ 


83 



The crude barium glyoxalinesulphonate crvstallised almost com- 
pletely on treatment with water. From the pure salt the free add 
and the sodium and ammonium salts were prepared by treatmeGt 
with the equivalent quantities of snlphuric add and its salts. 

GiyoTaliacxidp7n}nk acid crystallises from water in large, colour- 
less cubes which are anhydrous. It begins to soften at 290° and is 
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entirely molten at 307° (oorr.). It is soluble in about 5 parts of 
fold or 2 parts of hot water, but ia almost insoluble in alcohol. 
(Found, C = 24 2; H=2'6; N = 18'9. CjH^OjNnS requires C = 24-3; 
H=2'7; N=18'9 per cent) 

Glyoxalinesulphonic add is strongly acid to litmus, whilst its salts 
are only faintly alkaline. It does not combine with strong aqueous 
adds. On adding sodium diazobenzene-p.sulphonat6 to glyoxaline- 
sulphonic acid in excess of aqueous sodium carbonate, no immediate 
coloration is produced, but a deep red colour develops in the course 
of a few minutes. In the presence of sodium hydroxide the solu- 
tion remains pale yellow even on keeping. An attempt to nitrate 
glyoxalinesulphonic acid by boiling I'l grams with a mixture of 
1 c.c, of fuming nitric acid and 1 c.c. of sulpburic acid was un- 
snccessful, the glyoxalinesulpbonic acid being recovered 
unchanged. 

The hfiTutw. salt crystallises from water in colonrless octahedra, 
which are anhydrous, soluble in 3 parts of hot water, and little less 
soluble in cold water, bub insoluble in alcohol. (Found : Ba=34'2. 
(CjH303NoS),^Ba requires Ba=34'l per cent.) 

The sodinm salt crystallises from water in large, colourless tablets, 
which contain 2H,0. It is very readily soluble in water, but almost 
insoluble in alcohol. (Pound, in air-dried salt: Na=ll'2; H20 = 
17'7. C3H303N,SNa,2H.,0 requires Na=ll-2; H,0 = 17-5 per cent.) 

The ammonium salt crystallises from water in large, colourless 
prisms. It is very readily soluble in water, and easily so in hot 
moist alcohol, but almost insoluble in absolute alcohol. It losra 
ammonia at temperatures above 100°, leaving the free arid. The 
air-dried salt lost 1'5 per cent, of water in a vacuum over sulphuric 
add. (Found, in salt dried in a vacuum: N=25'4; loss at 120°= 
10'5. CsHjOsNnS'NH, requires N = 25-4; loss of NH3 = 10'3 per 
cent.) 

We desire to thank the Salters’ Institute of Industrial Chemistry 
for the grant of a fellowship which has enabled one of us (L. A. E.) 
to take part in the investigation. 

MnyrniPAL College of Technolocy, 

The Univeksitv or Manchestek. [Reecivai, October I6lh, 1920.] 
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QlNlW.—The Velocity of Decomposition of High 
Explosives in a Vctcuum. Part I. 

By Robert Crosbib Farmer. 

Previous work on the stability of explosives has been devoted 
almost, entirely to the nitric esters. The methods used depend fo 
the most part on the detection and estimation of the oxides of 
nitrogen evolved on heating, and are not, in general, applicable 
to nitro-aromatic compounds or to mercuric fulminate, azides, etc. 
In order to meet the need for a simple quantitative stability test 
for such compounds, the vacuum test described below was 
developed. This has been widely used for high explosives, more 
particularly for trinitrophenylmethylnitroamine. It has proved 
itself so simple in use after some thousands of tests that it may 
be of interest for the investigation of other reactions in which 
gases are evolved. Some measurements of the rate of decomposi- 
tion in a vacuum have been made on guncotton (Obermiiller, Mitt, 
Berl. Bezirhver., 1904, 1, 30; Dupre, Ann. Eep. Imp. oj 
Erplosives, 1903, 26; 1904, 28; 1905, 29; Hodgkinson and Coote. 
Chem.. News, 190,5, 91, 194; Robertson and Napper, T., 1907, 91, 
764; Willcox, J. Amer. Chem. Soc., 1907, 30 , 271; Pleus, 
ZeAtsch. get. Schuss. u. Sprengstnffw., 1910, 5, 121), on silver 
oxalate (Hoitsema, ZeiUch. physiM. Chem., 1896, 21, 137), tri- 
nitrotoluene (Verola, Mem. pond. Snip., 1911 — 1912, 16 , 40), and 
tetryl (Knowles, •/. Inti. Eng. Chem., 1920, 12, 246). Tie 
methods described were not, however, convenient as standard tests 
for high explosives. 

From measurements on a large number of explosives, it appears 
that these are in all cases subject to a gradual decomposition, with 
evolution of gas, at temperatures below their ignition points. The 
velocitv decreases strongly as the temperature is lowered, but there 
can be, little doubt that a very slow decomposition must occur even 
at the ordinary temperature. 

As in the case of nitric esters (Farmer, this vol., p. 811), the 
decomposition is partly catalytic and partly non-catalytic; when 
catalytic influences are eliminated, the velocity sinks to a minimum. 
In manv cases, the catalytic decomposition outweighs the intrinsie 
decomposition of the pure substance, and it is frequently difficult 
to purify the explosive to such a degree that the catalytic influencee 
are completely removed. For the same reason, different prepar- 
ations of the same substance often differ cons: lerably in their 
rates of dpxioraposition. Frequently the evolution of gas proceeh 
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^ith a-n acceleration due to autocatalyas, whilst in other cases it 
becomes slower after a tipie, owing to the decomposition and con- 
sequent elimination of impurities. In many cases the presence 
(jf moisture gives rise to very erratic results, and special steps are 
therefore taken to eliminate this influence. As a rule, the decom- 
position has been carried only to the extent of a small evolution 
of gas. The measurement of small volumes of gas has, it is true, 
the disadvantage that the measurements are more affected by traces 
of volatile matter, etc., but if the decomposition is carried further, 
the products formed are liable to have a very disturbing effect, and 
frequently a very rapid evolution of gas sets in. 

Tlie nitro-aromatic compounds are, in general, very much more 
stable than the nitric ester explosives. WTiilst guncotton shows a 
marked decomposition in Will’s test at 135® in four hours, and 
nitroglycerin at a lower temperature, the trinitrobonzene deriv- 
atives require, in general, temperatures of 140® to ISO® in order to 
give readily measurable volumes of gas on heating for 100 hours. 
The dinitrchcompounds show scarcely any measurable decomposi- 
tion. The nitroamines, such as tetryl, on the other hand, are less 
stable, and decompose sufficiently rapidly for measurements at 
120 °. 

In order to give an approximate idea of the relative stability, 
the temperatures may be calculated by extrapolation, at which the 
gas evolution amounts to 1 cc. per gram in 100 hours: 


Trinitrobenzene 190 — lOS® 

Trinitropheno! 150 — 15.5® 

214; 6-Trinitrot.olnenc 1 35—140® 

2:3!4. 1.35—140® 

3;4;6- „ 130—135® 

TrinitrophenylmftthvInitroAmme 1 15 — 1 20° 

Cellulose nitrate (N=13 per cent) Approx. 100° 


Trinitrotoluenes gave O'S to I’S c.c. of gas per gram in 100 
hours at 140®. The differences in velocity between different 
samples indicated the presence of traces of catalysts, although most 
of the samples were very pure. There was practically no 
parallelism between the melting point and stability. The rate of 
evolution showed no acceleration; hence no autocatalysis occurred 
nthin limits measured. From the results obtained, it is evident 
hat pure trinitrotoluene could be kept indefinitely at the ordinary 
emperature, but the actual rate of decomposition cannot be ascer- 
ained by direct extrapolation, as the results obtained in the case 
>f tetryl have shown that a great increase in stability occurs on 
massing from the molten to the solid condition. 

The isomeric trinitrotoluenes which accompany the symmetrical 
compound in small proportion on nitration of toluene were also 
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examined. The commercial products contain*! impurities which 
decreased their stability. When these were removed by crystal- 
lisation 2 -3 ■ 4 -trinitrotoluene showed about the same stability as 
the 2 - 4 - 6 -isomeride, whilst 3 : 4 : B-trinitrotoluene was somewhat 
less stable The stability of 2 : 4 : 6-trinitrotoluene was not sensibly 
alTected by the addition of 1 per cent, of the other pure isomerids, 
but 5 per cent, of the 3 : 4 : 6-isonieride caused a slight increase of 


Mixtures of picric acid and trinitrotoluene showed a lower rate 
of decomposition at 140° than trinitrotoluene alone. This was 
somewhat surprising, since the general experience is that acids 
decrease the stability. Tt is possible that the trinitrotoluene exists 
as an eouilibrium in which a small quantity of an isonitro. 
comi.ound is present, the latter being the cause of the instability 
observed. Picric acid might readily cause the i-mnitrixconipoiind 
to revert to the normal nitro-compound , thus increasing the 
sUbility. 

As an example of an nnsaiurated substance, castor oil was mixed 
with trinitrotoluene and with picric acid, and the mixtures were 
tested. The castor oil depressed the stability very strongly in 
both cases. 

Trinitrophenol showed a stability intermediate between that of 
triiiitrobenzene and that of trinitrotoluene. Trinitrobeniene 
showed extreme stability, even at the boiling point of aniline, anil 
the stability was not perceptibly alTected by wet and dry storage 
trials. This is of interest as showdng that, notwithstanding the 
difTiculty of introducing the third nitro-groiip, the trinitro- 
compound, when once prepared, is very stable. 


Experimental, 

Apparatus . — The thermostat (Fig. 1) consists of a cylindrical 
copper bath, which is maintained at the required temperature hy 
a boiling liquid. The cover consists of a thin brass casting witl 
six orifices for the heating tubes, and a short column to support 
the condenser.. These all form part of the casting, thus avoiding 
joints, which are otherwise very apt to leak during protracted 
tests. The connexion with the condenser is made by a conical 
joint surmoiiiit'’d by a cap. which can be filled with vaselin or 
other material to lute the joint. The brass column also projecls 
about 0'5 cm. into the interior of the bath, and is connected wltli 
a cylinder of coarse copper gauze of the same diameter as the tube 
and about I5 cm, in length. The object of this is to convey fie 
condensed liquid down the centre of the bath and ensure uniform 
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jieatiag. The lid haa also a small opening for filling the bath. 
This is fitted with a cap . and a cup for luting. A cylinder of 
lagging material surrounds the bath. The top of the bath is also 

Fio. 1 a. 
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covered with a loose cake of asbestos lagging material about 3 cm. 
toick, with holes corresponding with those m the brass cover. 

Th; condenser (Fig. 2) is of the multitnbnlar pattern and ti,, 
water inlet tube is fitted with a funnel, as shown, so that the flou- 

of water can be seen. t 1 i, i 

For temperatures from 80= -to 100°. mixtur^ of alcoho and 
water were used. From 100° to about 135°, solutions of calcmo 
chloride were generally taken. In the latter case, the addition 
of a little lime is advisable to avoid corrosion of the copper. 

The temperature of the boiling calcium chloride solution is 


Fio. 1 b. 



readily adjusted by adding water if too high, or by allowing water 
to evaporate if too low. The level of the liquid should be main- 
tained at abort 5 cm. from the lid of the bath. 

Safety Frecaiiimns.— '^o guard against damage by explosion, 
steel tubes with closed bottoms were provided ; these fitted loosely 
into the brass orifices, and were packed round with fine copper 
fillings to give good contact with the bath. They were made 
rather short (IFig. 3), since it was found that if they extended 
nearly to the surface of the bath, they became cooled by radiation, 
and irregular temperatures were obtained. 
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The Ihenuostats were surrounded by screens ana placed in a 
gre proof shed. A cistern was provided to guard against failure 


of the water sup- 
ply, and an auto- 
matic ball-cock 
tap was fitted to 
cut off the gas 
supply in case the 
cistern became 
empty. 

Beating Tubes. 
_ The glass 
apparatus passed 
through numerous 
modifications in 
tie course of a 
Urge number of 
in easurem ents. 
The earlier pat- 
terns were fitted 
with glass taps for 
exhaustion, but it 
was found much 
better to avoid 
these, and the 
simple device 
shown in Fig, 3 
was found to be a 
great improve- 
ment, In order 
to exhaust the 
tube, a quantity 
of mercury suffi- 
cient to fill the 
upright limb of 
the capillary tube 
IS placed in the 
lower cup. This 
cup is connecteiJ 
the pump by 


Fig. 2. 



jueans of a rubber stopper. The apparatus is then inclined so 
at the cup is horizontal and the mercury lies in a pool in, tho cup, 
a free passage between the pump and the capillary tube. 
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After exhaustion, the apparatus is returned to the upright [losi- 
tion, and, on releasing the vacuum, the mercury rises in the 

capillary tube, which acts 


Fig. 3. 



as a manometer during 
the test. The cup at the 
top of the heating tube 
is luted with mercury, 
and the apparatus is then 
ready to be transferred lo 
the thermostat. It is 
important that the 
stopper be very well 
ground, and lubricated as 
thinly as possible with a 
non-reactive lubricant. 

The thermometer is 
embedded in sand in a 
similar heating tube, 
which is introduced into 
one of the steel tubes and 
placed in the bath, 
Accuracy of the tempera- 
ture readings is of great 
importance in view of llie 
high temperature- 
coefficients of the decom- 
positions. 

Method of IFor/riw^,- 
Very thorough cleaning 
of the apparatus is neces- 
sary, as traces of foreign 
matter have a marked 
catalytic effect . The 
tubes were cleaned suc- 
cessively with acetone, 
benzene, and hot chromic 
acid, and were then sub- 
jected to prolonged wash- 
ing with water, The 
manometers were simi- 


larly cleansed. The com- 
plete removal of moisture is also of importance, since this 
frequently gives rise to abnormal accelerations. The explosive b 
dried at a temperature well below its decomposition pdint, and 
weighed quantities are introduced into (he test-tubes. These are 
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then connected with the capillary tubes, the ground stoppers being 
thinly lubricated. The apparatus is then exhausted to about 
' Him. of mercury by means of a Geryk pump, and is heated to a 
temperature at which no measurable decotnposition will occur 
(generally 80°) for some hours to remove water. 

The apparatus is then again exhausted, dry air is allowed to 
gjiter through a three-way cock attached to the pump, and removed 
once more by the pump, and the apparatus is inserted in the 
thermostat. A little asbestos wool is packed round the stopper. 

The time at which the heating commences is noted, and an 
arbitrary period is allowed to permit the pressure to settle down 
before the first reading is taken. This is necessary, on account of 
minute traces of residual volatile matter, and in some cases the 
volatility of the compound itself. In general, one and a-half 
hours have been found sufficient. The height of the mercury 
column is then read at intervals, in comparison with the baro- 
metric height. It is convenient to use, as barometer, a similar 
tube exhausted and placed near the apparatus. This automatic- 
ally corrects the reading for temperature of the mercury and 
capillary depression. 

To avoid differences in the level of the mercury in the lower 
3 up, it is convenient to fill this up, so that it overflows into a 
lish as the mercury descends in the capillary tube. 

in taking a number of readings, a sliding scale may be used 
ritii advantage. The zero is set to the mercury level in the baro- 
meter, and the difference between manometer and barometer can 
then be read off directly. 

Calculation of Gas Volume . — The calibration of the apparatus 
includes measurements of the volume of the test-tube, the volume 
of unit length of the capillary, and the total length of the three 
limbs of the capillary tube from the stopper to a point on the 
capillary-tube level with the average height of mercury in the 
cup. The volume of explosive is deducted from the volume of the 
heating tube to obtain the net volume. 

In calculating repeated readings with the same explosive and 
the same bath temperature, the following shortened method of 
calculation is useful ; The bath temperature is practically constant ; 
the ordinary temperature alters somewhat, but as this only affects 
the correction of the volume in the capillary tube, it may also be 
taken as constant (it was, in general, about 30°*). 

If the difference between barometer and manometer reading be 
' mm., the corrected volume of gas in the heating tube is equal to: 


gas space x 


273 

273 -f bath temp. 


X 


1 

760 ' 
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The corrected volume o£ gas in the capillary tube is equal to (toUl 
length - 760+p)x(vol. of 1 mm.) x g - - 760, * 

(vol. of 1 mm.) X +p* (vol. of 1 mm.) x — . 

Hence the corrected volume is equal to 

p (a + i)+/c. 

net gas^space X ‘273 ; 

where jgg bath teSqT) 

6= _L (length of capillary tube - 760) x (vol. of 1 mm.) 

»43 

c= L (vol. of 1 mm.). 

843 '■ 

These constants can be determined for the whole series of measure- 
ments, and the calculation is then very simple. The constants 
6 and c depend only on the calibration of the apparatus; s 
depends also on the volume of explosive and the bath temperature. 
Correction for Fluctuations in Bath Temperaiure.-lh 
fluctuations due to alteration of boiling point with variations of 
the barometric pressure are of importance, as the velocity of 
decomposition usually increases approximately 100 per cent, for 
each 5 degrees, or 15 per cent, per degree. It is better to ap, y 
the correction to the time readings rather than to correct the 


Fig. 4. 



2 ; 4 ; ^-Trinilrotolmne (variov« samples) at 140". 


volume of gas from the individual tubes in the bath. If 
deviation of temperature is within about 0‘3°, it is generally 
sufficient to calculate a time correction for each days ipeadings, 
based on the mean temperature of the bath. Thus a deviation 
of 0T° corresponds with a difference of 1‘4 per cent, in the velocity, 
or 0'34 hour per day. 
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Measurements of Gas Evolution. 

^l-i:^-TriniiTotolur.ne . — Measurements at 120® gave very low 
results (about 0‘15 c.c. in 100 hours). At 180® the evolution was 
too rapid and gave erratic accelerations, which made the measure- 
lueuis untrustworthy for comparison. Convenient velocities were 
obtained at 140®, and the following measurements were made on 
trinitrotoluenes from different sources (Fig. 4). 


Fio. 5. 



TrinUrotoluene. isoniericks at 140'. 


Gas Evolution at 140® (c.c. y/er ^ram). 


Melting point. 

20 hours. 

40 Iioui's. 

60 hours. 

80 hours. 

100 hours 

tl'l'’ 

0-35 

0-69 

104 

1-31 

1-56 

n-Oo 

0-39 

0-78 

M6 

1-47 

1-75 

»l-05 

. 0-12 

0-33 

0-70 

0-94 

M3 


0-U 

0-28 

0-o4 

0-8o 

M3 

U'O 

OIG 

0-32 

Ooa 

0-85 

M3 


. OIG 

0-35 

0-08 

0-78 

099 

U-(l 

0-12 

0-22 

()-37 

0-57 

0-77 


0-25 

0-50 

0-86 

1-21 

i-oO 


014 

0-28 

0-o2 

0-83 

MU 

'O'TO ,, 

0-33 

01)8 

0-8i» 

lUl 

1-2I) 

iO’Oa .. 

0-2G 

0-54 

0-80 

1-13 

1-36 


. 0-33 

0-71 

0-90 

107 

1-24 


. 0-3(> 

0-71 

1(19 

Mo 

1-80 
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Comparative measurements on dinitrotoluene gave no perceptible 
decomposition in 100 hours. 

2 : 3 : 4 -rnn;trotol«enc.— The following figures show the gas 
evolution after one and two crystallisations respectively. The 
purification reduceil the rate of decomposition slightly. 


6'o« Eeohitioii at 140“ (c.c. per ijram). 


One crystallisation ... 
Two cry.stalllsalions ... 

2 ;”4 ; G-T.N.T. (mean) 


20 

40 

r>o 

80 

100 


hours. 

hours. 

hours. 

hours. 

hours. 


0-44 

0-78 

1-07 

1-40 

1-75 

Fig. 5 (4) 
.. ») 

0-18 

0-46 

0-70 

105 

1-36 

0-22 

0-37 

0-67 

101 

1-38 

.. (21 
.. (1) 

0-24 

0-49 

0-77 

104 

1'29 


3-.i-.&-Trimirotolue.He.- -The commercial product was much less 
stable than the above, and decomposed so rapidly at 140“ that 
the measiireiiieiit had to be made at 120“. The results after one 
crystallisation are given at both temperatures. 


Gas Evolution at 120“ (c.c. per gram). 


Original (sample a) 
One crystallisation 


Gas E 


Sample (a) One cryst. 

,, Two „ 
Sample {b} One cryst. 
„ Two „ 


20 

40 

60 

80 

100 

hours. 

hours. 

hours. 

hours. 

hours, 

2-2 

33 

— 


— 


108 

1-58 

2'05 

2'48 


whition at 140*^ 

(c.c. per (jravi). 

20 

40 

60 80 100 

hours. 

hours. 

hours, hours, hours. 

4-7 

7-9 

— — — Fig. 5 (8) 

1-50 

300 

— — — »» (’) 

089 

1-80 

2-80 4-10 5-70 „ [6) 

0-76 

1-38 

1-99 2-60 3-23 „ (5j 


Even after purification, this isomeride was much less stable than 
2:3: 4-trinitrotoluenc. 

Mixtures of the Isomeric Trinitrotoluenes . — In order to ascer- 
tain whether the unsymmetrical isomerides, which always accom- 
pany 2 ;4 : G-lrinitrotoluene in small quantity in the crude pro- 
duct, affect the stability, the following mixtures were examined, 
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Gas Evolution at 140° (c.c. pv-r fjram). 


) ■ 3 : ,t- 

per 

cent. 

3:4:6- 

T.N.T., 

per 

Sam- 

Puri- 

fica- 

2:4:6- 

T.N.T., 

per 

20 

40 

60 

80 

100 

cent. 

ple. 

tion. 

cent. 

hours, hours, hours, hours. 

hours. 




— 

— 

100 

016 

0-34 

0-57 

0-78 

0-99 

1 



a 

com]. 

99 

10, 3 

1-55 

2-12 

2-60 

3-01 

1 



h 

coml. 

99 

0-23 

0-80 

1-40 

2-ni 

2-53 

1 



b 

2 crysts. 

99 

0-15 

0-33 

0-55 

0-79 

0-98 




a 

com}. 

95 

2-23 

3-34 

4-21 

4-99 

5-78 

5 



a 

1 cryst. 

95 

0-31 

0-77 

0-98 

1-23 

1-52 

5 



b 

1 cryst. 

95 

0-54 

0-87 

MO 

1-36 

l'C9 

5 

— 

b 

2 crysts. 

95 

017 

0-44 

0-52 

0-78 

0-98 


1 

b 

1 cryst. 

09 

0*48 

1-U 

1-61 

2-10 

2-53 

__ 

1 

a 

2 cryste. 

99 

010 

067 

1-02 

1-37 

1-62 


I 

b 

2 crysts. 

90 


— 

— 

— 

1-28 


6 

a 

2 crysts. 

95 

201 

2-8.5 

3-4.5 

4-02 

4-60 


5 

a 

2 crysts. 

95 

1 66 

2-51 

3-22 

3-85 

4-44 

- 

5 

b 

2 crysts. 

95 

— 

— 

— 

— 

2-71 

Infliictice of 

Picric Acid i 

m the 

Slahilitij of 2:4 

: Q-Trinitro- 

—A trinitrotoluene was tested alone and 

in admixture with 


ticric acid. The evolution from the mixture was less than from 


rinitrotoluene alone, * 

C.c. of gas fcorr.) (140’’). 


Picric 

2:4:6- 

20 

40 

60 

80 

100 

150 

200 

acid. 

T.N.T. 

hours. 

houi-s. 

hours. 

hours. 

hours. 

hours. 

hours. 

2 



014 

0-25 

0-29 

0-35 

0-44 

0-62 

0-83 

2 

2 

0-14 

0-22 

0-25 

0-32 

0-42 

0-62 

0-81 

2 

2 

0-15 

0-23 

0-28 

0-34 

0-43 

0-68 

0-95 

— 

2 

0-25 

0-50 

0-74 

096 

M9 

1-94 

2-88 , 


Jnffueiiee of Unsatnratcd C-omponnds . — To avoid a disturbing 
jffect on the gas volume due to vapour prejsure, castor oil was 
hosen, as a fairly non-volatile, unsaturated substance. This 
increased the rate of decomposition very strongly; even at 120°, 
the gas evolution from trinitrotoluene containing 5 per cent, of 
castor oil was readily measurable. 

C.c. of gas (corr ) (120'’). 

2:4:6- Castor 20 40 60 80 100 150 200 

T.N.T. oil. hour.s. hours, hours, hours, hours, hours, hours. 

5 0-25 0-65 1-00 1-90 2-80 3-75 7-60 IMO 

Naphthalene under similar conditions gave no measurable gas 
H'olution in admixture with trinitrotoluene, even when present 
to the extent of 40 per cent. 

Picric Acid . — Measurements were made at 140° and 183° on 
picric acid crystallised from water. The gas evolution was very 
rapid at the higher temperature, but showed some decrease in 
velocity as the decomposition proceeded, from which it would 
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appear that some catalyst was being gradually eliminated. The 
successive crystallisations did not reduce the rate of decompoei. 
tion at 183°, but at 140° some stabilisation was noticeable in the 
latter crystallisations. 


Gas Evolution at 140° (c.c. per gram). 


100 hours. 


Original 

Cryst. No. 2 0-U 

„ 4 0-04 

„ „ 5 0-05 


150 hours. 200 hours. 300 houi^. 


0-27 0*44 0-88 

0-35 0 51 0-92 

0-12 0-23 0-50 

0*21 0-31 0-58 


Gas Evolution at 183^ (c.c. ver gram). 


1 

hour. 

Cryst. No. I 2*90 

„ „ 2 2-95 

„ 3 2-30 

„ 4 1-90 

I, 5 2-05 


2 

3 

5 

hours. 

hours. 

houre. 

4-50 

5-45 

6-45 

4-85 

610 

7-30 

3-95 

5-20 

6-15 

3-80 

5-50 

6-65 

390 

5'65 

6-95 


10 

15 

20 

hours. 

hours. 

holes. 

8-35 

10-60 

1240 

9-00 

11*35 

13-65 

9-20 

U-50 

13-80 


As in the case of trinitrotoluene, castor oil increased the decom- 
position. Whereas picric acid alone gave practically no measur- 
able decomposition at 120“^, a mixture of picric acid with 5 per 
cent, of castor oil gave the following evolution : 


Picric Acidy 5 grams. Castor Oil, 0*25 gram. 

50 hours. 100 hours. 150 hours. 200 hours. 

C.c at! 120" O-SS 2-50 4-70 6-85 

\:S:l}-Triiu(robei}zene.- -'iho gas evolution from this compound 
was very low, even at 183'^ (boiling aniline bath). The following 
rates of decomposition were obtained with different samples: 


Gas Evolution at 183*^ (c.c. per gram)'. 


20 hours. 

40 hours. 

60 hours. 

80 hours. 

100 hours. 

0 05 

0-14 

0-20 

0-27 

O'i'i 

0 04 

0-09 

0-13 

0-18 

0-23 

0-03 

0*07 

010 

0-14 

0-19 

— 

0-10 

0-13 

015 

0-18 

-- 

0-10 

013 

0-15 

0d8 

— 

0-15 

0-19 

0-26 

0-30 

0-04 

0-11 

0-15 

0-19 

0'23 


In order to ascertain the effect of storage on the stability, 
sampbs were kept for a year at 50° and tested as above at 183°. 
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20 hours. 

007 

008 
0-06 
0-06 

Mean 0-07 


I hours. 60 hours. 
013 018 

013 017 

010 017 

007 0 16 

011 017 


80 hours. 100 hours. 
0-24 0-30 

0-23 0-28 

0-22 0-27 

0-22 0-26 

0-23 0-28 


The influence of hydrolysis was examined by keeping samples 
for a year in a saturated atmosphere at TS" and testing at 183“ 


20 hours. 40 hours. 60 hours. 
O-Ol 0-08 0-13 

0-02 004 0-12 

0-01 0 02 0-10 

Mean 0-02 0-05 0-12 


80 hours. 100 hours. 
0-17 0-17 

0-25 0-24 

0-11 015 

018 0-19 


The effect of an admixture of picric acid on trinitrobenzene was 
tried at 150“ as the decomposition of picric acid itself is too rapid 
at 183°. 


Ga$ Evolution 

o 

o 




100 

200 

300 

400 

600 


hours. 

hours. 

hours. 

hours. 


ficric acid, 0-2 gram \ 

rridtrobenzene, l-S grams /' 

.. 0-07 

0-26 

0-86 

1-45 

2-22 

rrinitrobenzene hS grams .... 

.. 0-07 

007 

0-20 

0-28 

0-60 


Summary. 

An apparatus is described for the determination of stability of 
high explosives by the velocity of evolution of gas on heating in 
a vacuum. 

All explosives appear to be liable to a gradual decomposition 
it temperatures considerably below their ignition points. The 
felocity is highly affected by temperature and by the catalytic 
iction of impurities. 

Trinitrotoluene and the isomerides which accompany it on uitra- 
:ion of toluene do not differ greatly in stability when purified. 
Trinilrobenzene is much more stable, notwithstanding the difficulty 
with which it is prepared by nitration, and trinitrophenol shows 
an intermediate stability. 


The thanks of the author are due to the Director of Artillery 
for permission to publish these results. 

RtSEABCH Department, 

Royal Arsenal, Woolwich. 


[Ueccw€rf> jNovew6er Srd, 1920.] 
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CLI3^— r/ie Preparation of Pure Carbon Dioxide. 

By Robert Cbosbie Farmer. 

The difficulty of preparing carbon dioxide completely free from 
is frequently encountered. Notwithstanding that all solutions used 
for making the gas are previously boiled, the elimination of the Iasi 
traces of air is very difficult, and tie 
same applies to carbon dioxide from 
(flinders, even though most of tie 
gas is blown to waste beforehand, t) 
eliminate the air as far as possible. 
The difficulty is especially noticeable 
in the testing of the stability of gm. 
cotton by Will's method {Zeitsch. 
aogew. Ghem., 1901, 14 , 743, 774}, 
in which a relatively large quantity 
of carbon dioxide is used to sweep 
out the nitrogenous gases, and tie 
air-oorrection forms a very high pro- 
portion of the unabsorbed gases. 

By the following simple method, 
which has been used very satisfac- 
torily for some time in connexion 
with the Will test, the proportion oi 
air in carbon dioxide can be reduced 
to such a degree that it is practically 
immeasurable. The method depends 
upon the principle that a dissolved 
gae can bo very completely removed 
from a liquid by bubblmg a second 
gas through the liquid. The carbon 
dioxide is prepared from solutions of 
potassium hydrogen carbonate and 
sulphuric acid, each of which is freed 
from air by bubbling carbon dioxide through it, before the two are 
brought together. 

The generator is shown in the figure. The pear-shaped funnels, 
A A , contain potassium hydrogen carbonate (300 grams to 1 litre 
of water) and sulphuric acid (120 c.c. to 1 litre of water) respec- 
tively. The solutions should be previously filtered through glass- 
wool. From the funnels these solutions pass down the broad verti- 
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tube, mto the generating bottle. The bulk of the carbon dioxide 
u drawn ofi at £ and used as required. A small proportion of the 
gas IS hoAvever, allowed to pass through the tube C, and bubbles 
tlirough the columns of liquid in the two upright tubes, thus remov- 
n.g all traces of di^lved air. If desired, a separate source of 
«irboii dioxide can be used for this purpose. As soon as the air 
originally pr^t m the Woulfe’s bottle has been eliminated the 
carbon dioxide reaches a state of extreme purity, and gives praoti- 
olly no residue of gas on absorption with potassium hydroxide 
SoIutlOll. 

free from 

leaks; the bottle may, if desired, be immersed in water covered with 
a layer of paraffin wax. The feed tubes dip below the surface of 
.ercury to avoid back-dilfusiou. If the whole apparatus is mounted 
n a stand It can be tilted slightly to equalise the back pressure in 
be two eed tubes, but no veiy a«mrate balandug is necessary. A 
ttle luethyl-or^ge m the solution sei-ves to show that the solutions 
re being mixed in about the right proportions. 

Once started, the apparatus need never be disconnected. When 
le tap B IS turn^ off the introduction of the reagents automati- 
illy oeasM, The taps DD, which regulate the bubbles of gas should 
owever, be dosed when the apparatus is not in use. The spent 
qnor can be drawn off at A, as the fresh solutions are added. The 
ite of evolution can be increased almost indefinitely by using a 
)mewhat larger apparatus. ® 

The thaiffis of the author are due to the Director of Artillery for 
ermission to publish this note. ^ 

ReSEASCH DsrABTMISNT, 

Roval Aessnal, Wootavicu. [ifecaW, 3rd, 1920.J 


.LX, Triphenylarsine and Diphenylarsenious Salts. 

By William Jackson Pope and Eustace Ebenezee Tcbneb. 

HE introduction of aromatic arsenic compounds as materials for 
lemical warfare rendered necessary the working out of satis- 
■ctory methods for preparing triphenylarsine, (aHA.As and 
Phenylohloroarsine, (CeH 5 ) 2 AsCl. The former of these two com- 
rands is conveniently prepared by Michaelis and Reese's method 
1882, 15 , 2876), which consists in treating an ethereal 
ration of arsenic trichloride and bromobenzene with sodium; in 
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/D ii!«K ID 1031^ Philips showed that chloro. 

— i. .t — 

r“2 S; riz p.^«. i. « ‘j “» 

benzene than of chlorobenzene. „ , 

The several workers on this reactron used ether as a solven , 
and it was rmportant to ascertain whether tte could be replace 
by some less volatile and less inflammable 

experiments showed that the reaction proceeds better in benzeM 
thL in ethereal solution, and that, contrary to Michaelis s sugge, 
ion, chlorobenzene gives a cleaner product than do^ brcn. 
benzene. It was thus shown that tnphenylarsine is readily pr. 
pared by the action of sodium on a mixttoe of arsenic tnchlond, 
Ld chlorobenzene in benzene solution to which a little e hjl 
acetate had been added; this method was described « a repor t, 
the Chemical Warfare Department, dated ^Stb, 1918, am 

formed the basis of the larger-scale work done by Morgan at 
others (this voL, p. 777) in the conversion of the laboratory metlioi 

‘"?t'wrtLer^'*that the use of ether as a diluent is dii 
advantageous, in that the violent reaction tends to pass out ol 
control, and that, when this happens, pyrophoric sodium remaip 
after the evaporation of the ether, causing J''' 

repetition of the method of Philips gave a yield of ^1 per cent, ol 
the theoretical; Michaelis’s later method- gave a yield of 6i 
cent of the theoretical. In the absence of a diluent, sodium act 
on a mixture of arsenic trichloride and chlorobenzene, causinj 

incandescence. e i 

Experiments were next carried out for the purpose o asoerta.o. 

ing how the yield of triphenylarsine is influenced by the propor- 
tions of the reacting materials aqd by the conditions. The genera, 
method adopted was to weigh out the sodium in slices (s) granular 
(o\ powder (p), or wire into a large flask, cover with benzenr 
^;taiuing 1 or 2 per cent, of ethyl acetate, allow to remam » 
half an hour to activate the metal, and then slowly run m If 
arsenic triclr.oride and chlorobenzene. After a few mmufc 
a vigorous reaction sets in, which, when sodium wire is used, mirl 
be controlled by the use of a freezing mixture; when sliced sotiui 
is used, no external cooling is necessary, and, indeed, once t » 
reaction is checked by cooling, it can only be started again m 
considerable difficulty. The mixture is then left overnig r 
filtered, and the inorganic residue well washed with hot benzew 
the filtrate and washing are distilled until a thermometer p aW 
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11 the liquid registers 200° The residue solidifies on cooling to a 
rystalliue inass, and is almost pure triphenylarsiac ; in general, it 
iielts at above 56°. 

Xlie following table gives the results of a series of experiments, 
11 each of which 136 grams of chlorobenzene were used; this 
quantity requires theoretically 60 grams of arsenic trichloride and 
[6 grams of sodium for complete conversion into triphenylarsine, 


N'o. of 
experi- 

Volume uf 
benzene. 

Sodium. 

Form 

of 

AiClg. 

I’eceentage of 
theoretical 
yield of 

inPrit. 

C.c. 

Grams. 

sodium. 

Grams. 

C^HjCl u.'jed. 

400 

()8 

a 

72 

67-5 


,, 

,, 


,, 

69 



,, 

,, 


66 

4 


,, 

,, 

,, 

64 

5 

,, 

,, 

,, 


62-5 






71 


„ 

„ 


,, 

83 




n 

60 

91'5 

9 

,, 

,, 

,, 

S5 

95‘5 

10 

,, 

,, 

,, 

90 

93-5 

11 

,, 

03 


80 

80 

12 


GO 

© 

„ 

75 

13 

350 

,, 


,, 

83-5 

14 


5tt 


90 

81 

15 

;i0(j 

60 

,, 

85 

88 

10 


57 



93 

17 


„ 

,, 

90 

89 

n 


,, 

g 

85 

80 

19 


.5.V.3 

8 

90 

83 

20 

,, 

,, 


95 

74*6 

21 


„ 

„ 

90 

84 


Experiments 1 to 3 were carried out just as described above; 
i and 5 were carried out as rapidly as possible, and the product 
^•as worked up immediately without remaining overnight. In 
lumbers 6 and 7 the product was gently boiled under reflux for 
«veral hours after the spontaneous reaction had ended. It is 
hus shown that the yield is not improved by hastening the reac- 
ion, but that it does increase when the reaction is continued 
urther by boiling ; the operation of boiling under reflux was there- 
ore introduced in all the later experiments. A consideration of 
he further experiments shows that the yield of triphenylarsine, 
ilculated on the amount of chlorobenzene used, is appreciably 
aised by increasing the amount of arsenic trichloride to 85 grams, 
nd is practically unaHected by diminishing the weight of sodium 
>57 grams; it appears, further, that the volume of benzene used 
iu be reduced to 300 c.c. without ill-effect on the yield. The 
lost satisfactory results seem to be obtained by using 300 c.c. of 
enzene for each 136 grams of chlorobenzene, 85 grams of 
rsenic trichloride, and 57 grams of sodium, but since the 
VOL. CXVIT. 3 0 
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reaction proceeds well with considerable fluctuations of the pf 
portions, the appropriate quantities of materials to be used depec 
on the relative cost of the latter. 

The reaction between chlorobenzene and arsenic trichloride 
not promoted by boiling with copper or aluminium powder, th 
copper-zinc couple, or magnesium or calcium turnings. The cop^g 
arsenide obtained by digesting a hydrocbloric acid solution i, 
arsenic trichloride, collecting the black powder, washing it 
water and acetone, and drying, is without action on chlorobenzene 
but when heated with iodobeuzeiie yields diphenyl. 


Conversion of Tnphenyhtrsine into Di- and Mono-phenylarmi 
Derivatives. 

Michaelis and Ueese showed {Ber., 1882, 15 , 2876) that pheny!. 
arsenious dichloride is produced on healing triphenylarsin© widi 
arsenic trichloride under pressure; it is to be concluded tt 
diphenylarsenious chloride is formed as an intermediate stage, ai 
particulars have been .given by Morgan and Vining (this vd 
p. 780) of a convenient means for preparing diphenylarserioi 
chloride by heating triphenylarsine with arsenic trichloride s 
250 — 280® under pressure. This method involves, however, ti 
use of an autoclave, and it seemed of interest to ascertain whethe 
the same reaction could be carried out under the ordinary atni^ 
spheric pressure. 

Triphenylarsine (30-6 grams) was maintained at 350® ivliilf 
arsenic trichloride (25'5 c..c.) was vei^ slowly run in by means k 
a long capillary tube; the arsenic trichloride which distilled ovei 
was returned to the reaction vessel. The first addition of tb 
arsenic trichloride occupied one and three-quarter hours, Oi 
carefully distilling the product under 12—15 mm. pressure, ib 
following fractions were obtained at above 120®; (a) 12O--l60^, 
17-7 grains; (b) 160-200®, 22-2 grams; (c) 200—250®, 2 2 grain: 

(d) residue, 2'2 grams. The fraction («) is fairly pure phenv 
arsenious dichloride, (5) is pure diphenylarsenious chloride, wliiii 
(c) and (f/) consist of nearly pure triphenylarsine; allowing b 
the recovery of the latter, the yield of phenylarsenious dichlorii 
and dipheiiylarsenioiis chloride is 97 per cent, of the theoretical 
lu the experiment jnst described, the arsenic trichloride 
added fairly rapidly, and another may be quoted to show tb 
effect of running it in more slowly. Using the same quantise 
as before, but taking seven hours for the addition of the ar&sflii 
trichloride, the following fractions were obtained on distilling tlf 
product under 12—15 mm. pressure; (a) 120— IGO®, 12 grains^ 
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uioderats'y pure phenylarsenious dichloride; (b) 160—205°, 31-5 
grams of practically pure diphenylarsenious chloride; and a resi- 
due (c) of grams of impure triphenylarsine. In this case, a 
larger proportion of diphenylarsenious chloride was produced. 

The general conclusion is drawn from the above and other 
experiments that, under atmospheric pressure, the following reac- 
tions occur: (C0H5)3As-t2AsCl3=3(CfH5)AsCl2 and 
2(C5H5)3 As -h AsClj = 3(C3H3).3 AsC1. 

In addition to the foregoing, the reaction represented by the 
allowing equation may also occur: 

+ (f'fiff 5)3 -^® ~ 2(C3H5)2AsC1, 

jnd experiment showed this reaction to take place almost 
quantitatively. On heating a mixture of triphenylarsine (15'3 
strams) and phenylarsenious dichloride (11-2 grams) for four hours 
st 300° in an open flask, and distilling the resulting pasty mass 
under diminished pressure, nearly pure diphenylarsenious chloride 
(20 grams) distilled at 185°/15 mm. ; this corresponds with a yield 
of about 80 per cent, of the theoretical; under the conditions 
•tated, a small amount of chlorobenzene was produced, and 
tactically no action occurs at 260°. 

It is thus proved that the reaction between arsenic trichloride 
id triphenylarsine proceeds very satisfactorily under atmo.spheric 
ressure, and that the product is an equilibrium mixture resulting 
■om the simultaneous occurrence of several reactions. In view 
t the possible importance of the observation that triphenylarsine 
in be converted into phenylarsenious dichloride and diphenyl- 
rsenious chloride by the action of arsenic trichloride under the 
rdinary pressure, the above aud analogous reactions were pro- 
ected by secret Patent No. 142880 of June lllh, 1918, of which 
te specification has now been published . 

Uiphenylarsetmus Bromide, (C3H5).,AsBr. 

^ Diphenylarsenious oxide, [(Ccll5),As]20, was prepared by 
kicliaelis aud La Coste {Annalm, 1880, 201, 229), but the follow- 
pg is a more expeditious method for obtaining it in a pure state. 
Potassium hydroxide (12 grams) dissolved in water (10 c.c.) is 
dded to rectified spirit (200 c.c.); a solution of diphenylarsenious 
tloride (53 grams) in spirit (100 c.c.) is added, and the mixture 
oiled for an hour. The solvents are then distilled off and the 
did residue is extracted with chloroform; on drying, filtering, 
od evaporating the extract, a quantitative yield of pure diphenyl- 
rsenious oxide remains as a colourless, crystalline solid melting 
: 89-91°. 


3 G 2 
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tuba and j;Pt,uL solid malting at 55-56°; a, 

separates a ’ jj; j^^^elis and La Costa as a yellow, oilv 

v“"r Thl b"mS?^S^ obtained by heating triphenyla.i, 
S grams “-10 tribromrda (15-8 grams) for three boat 
it 300-350- on distilling the product under 14 mm. preset,, 
tL foVwing fractions resulted: below 170“ 2 grams of a mttui. 
S iine and bromobenzene ; 170-205“ 26 grams o crad. 

dlpheTylarsenious bromrde and a resrdua of 15 
dijhanylarsenious bromide and triphanylarsma^ By radistillat*, 
pure diphenylarsenious bromide was readily obtained. 


Diphenylanenious Iodide (DiphenyUodoamne), (CaH,),Asl, 

This previously undascribed substance is obtain^ by heatiDj 
diphenyLsenious oxide (25 grams) with fuming hydnodio ad. 
(30 grams) for two hours in a sealed tube at 100°; on ooolmg, ti, 
irude iodide (29-5 grams) solidifies and melts at ^2-45. 01 
crystallisation from benzene, the compound is obtained in ydk, 
crystalline scales melting at 45-46° (Found: I -35' 6. 

requires I -35'6 per cent.). , 

On heating triphenylarsine (30 6 grams) with arsenic tri-iodm 
(22'8 grams) for six hours in an open flask at 350—360° and dt 
tilling the resulting mass under diminished pressure, practitiit 
pure diphenylarsenious iodide (25 grams) distils at 204-218= 
10 mm. ; the yield is less than 50 per cent, of the theoretical, sa: 
the reaction does not proceed so satisfactorily as in the case of 4 
corresponding bromo-derivative. 


The work described in the present paper was carried out la 
the purposes of the Chemical Warfare Department, aai 
permission for its publication has been given by the Genad 
Staff. 


The Chemical Laboratohi', 
UNivEii!4 i.’Y or Cambridge. 


[Beceived, October 15iA, I920J 
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^^-.-Interaction of Ethylene and Selenium 
Monochloride. 

By H.4KOLD William Bausoh, Charles Stanley Gibson, and 
William Jackson Pope. 

a previous paper (this vol., p. 271) we liave shown that ethylene 
s absorbed by sulphur monochloride, giving a quantitative yield 
if B^'-dichloroethyl sulphide, in accordance with the following 
^^uation ; 

2CH2:CH2 + 8.012= (Cll2Cl-CH,),S + s. 

It is now shown that ethylene reacts with selenium monochloride 
„ give m'-diohlorouhyl seknide dkhloride and selenium • the 
eaotion proceeds w good accord with the following equation: 

2CH2:CH2-t 2Se2Cl.= (Cn.CI-CH 2 )oSeCl 2 + 3Se. 

Whilst it thus appears that sulphur monochloride and selenium 
loEOchloride are acted on quite differently by ethylene, it is 
ossible that the action proceeds analogously in both cases so as 
) yield 03'-dichloroethyl sulphide or aelenide, but that the 
ileniJe is further acted on by selenium monochloride, giving 
ilenium and the new derivative of quadrivalent selenium now 
escribed; this suggestion is supported by the observations of 
vans and Ramsay (T., 1884, 45, 64), which indicate that selenium 
lonochloride readily decompo.ses into selenium and chlorine. 


Preparation of Selenium Monochloride. 
selenium monochloride is conveniently prepared in quantity by 

described by Divers and Shimose 
^. 884 45 , 198). Finely powdered selenium (80 grams) is 
e , with constant shaking, to fuming sulphuric acid (320 c.c.) 
ntaming 15 per cent, of dissolved sulphur Irioxide; the mixture 
nrmed tp 45—50°, with shaking, allowed to cool, and treated 
itti a current of dry hydrogen chloride. When the gas is no 
Dger absorbed, the product is poured into concentrated sulphuric 
( aO C.C.), and the residue washed in with the same liquid 
» c.c,); the lower layer of crude selenium monochloride coutain- 
g ssspended selenium, is drawn off, mixed with fuming sulphuric 
(containing W per cent, of sulphur trioxide) (100 c.e.), and 

id rff ^ hydrogen chloride for an hour 

a-half. The product is now poured into concentrated 
c aci (150 C.C.), when much hydrogen chloride is evolved, 
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and the lower layer of selenium nionochloride (99 grams) dtaifj 
off. Thus obtained, it forms a deep red liquid containing a litfl, 
free selenium in suspension; it is further purified by keeping ovj, 
dry potassium chloride and filtering in a dry atmosphere. 


^^'-Dichloroethyl Helenide Dlp.lilorid€j (CH2Cl'CIl2)^S6Cl2, 

Selenium monochloride (55'5 grams) is dissolved in dry henzei,, 
(.50 C.C.), and a current of dry ethylene passed through the sob. 
tion ; considerable evolution of heat occurs, and the liquid slioulj 
be kept cool. Absorplion commences rapidly, and selenium is 
almost immediately precipitated ; it is desirable to add further 
quantities of dry benzene (20 c.c.) to prevent blockage of the 
delivery tube. tVhen no further absorplion occurs, more benzene 
is added, and the liquid filtered boiling hot, the residue being 
extracted with boiling benzene until the filtrate deposits no more 
crystalline product on evaporation. ^d^-Dichloroethyl .selenrde 
dichloride (27-5 grams) remains in the form of white, crystalline 
needles after distilling off the benzene, and may he purified from 
slight admixture with selenium by recrystallisation from boiling 
benzene. From observation of the quantity of selenium recovere-i 
(30-0 grams), it is concluded that the reaction proceedi ii 
accordance with the equation given above. 

dd'-Dichloroethyl selenide dichloride is about ten times as soliibb 
in boiling benzene as in the cold solvent; it crystallises in longj 
colourless prisms (see figure), which melt at 122'5°, and are slightlJ 
hygroscopic. The crystallographic description given below vb! 
furnished by Miss I. E. Knaggs, working under the direction cl 
Mr. A. Hutchinson. 

Crystal System. — Monosyin metric, holohedral. 

.{rial Hatias. — a; 6:c=0'6345 : 1 :0'83S9. d = 75°50'. 

Forms Observed . — (7(001), z/i(110), 0^(111). 

Ko. of 
mpa-sure- 


-tnglc. menrs. Limits. Obscrveil|, Cnlciilplfil 

mw=ll0;U0 !• 02=38'— (13'4G' B3°12' - 

ram=lin:lin 0 110 14— 117 22 110,52 11«°48' 

too'- 110: 111 0 35 25 — 30 24 3G 2-5 — 

o'C=4U;n0! 7 8.5 24— 66 43 68 2 63 59'j 

;)iC=110:001 6 101 40—102 23 102 2 - 

Cm =001 : 110 7 77 25— 78 28 77 49 77 58 


No cleavage was observed. The crystal habit is prismatic, sn 
is terminated by small basal and pyramidal planes. The crjsti 
faces are very much rounded and badly developed, and it was od 
possible to obtain approximate angular measurements. The opt 
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^xial plaii® is perpendicular to the plane of symmetry, and the 
bisectrix lies in the plan© of symmetry, being inclined at 
to the 2 -axis in the acute axial angle. The refractive index, /?, 
tas found by the immersion method to be approximately l‘65j 
te index, a, is slightly less than this, and y is somewhat higher 
han l'^^» could not be determined. The double refraction 
g hence strong and positive in sign; this was verified by observa- 
tion on a section cut nearly perpendicular to the acute bisectrix, 
jhe optical axial angle was measured as 3P13^ for sodium light in 
j liquid of refractive index 1-65. Moderate dispersion of the optic 
jjes was observed, the angle for red being greater than that for 
blue light; horizontal dispersion was not observed, 

The compound dissolves freely in cold water to an acid liquid, 



hich gives a precipitate of silver chloride with the nitrate; a 
iscous liquid remains on evaporating the aqueous solution. One 
lalf of the chlorine present is hydrolysed to hydrogen chloride by 
he action of water (Found; C-17‘5; H=2'70; Cl-51-4; 
!e=29'l. 0T591 required 11-5 c.c. ^ jlO-AgNOy Hydrolysable 
ihbrine-25-7. requires C-17'3; H = 2'89; Cl-5r3 

38r cent). 

On passing sulphur dioxide into a cold dilute aqueous .solution 
iifthe dichloride, a heavy oil separates; this, when collected and 
in a cool place, crystallises to a mass of almost colourless, 
^nsmatic needles. This compound is very readily soluble in 
and, when crystallised from a small quantity of this 
dvent, melts at 23 — 25°; it is possibly ^^tdicliloroetbyl selenide, 
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and, as special precautions must be observed in handling such a 
substance, its further examination will be continued later. 
are engaged on the further study of the interaction of ethylene and 
other non-metallic chlorides. 

The work described in the present paper was carried out for 
the purposes of the Chemical Warfare Department, and permission 
for its publication has been given by the General Staff. 

The Chemical LABORATOity, 

UNiVERSirY OP Cambiudob. [Received, October \5th, 1920.] 


CLXII . — Researches on Residnal Affinity and Co- 
ordination. Part 11. Acetylacetones of Seleninm 
and TeUurium. 

By Gilbert T. Morgan and H.\rry Dugald Kejth Drew. 

The acctylacetono derivatives of the metals, metalloids, and non- 
metals may be classified into three main groups. ' 

I. Metallic acetylacetones, in which the principal valencies of the 
meUl are completely satisfied by the univalent acetylacetone radicle, 
C-II702, such as the thallous, glucinum, cupric, zinc, scandium, 
aluminium, chromic, ferric, and thorium derivatives, and numerous 
others. In many instances acetylacetone has given wings to the 
metals, for certain of these compounds are volatile without decom- 
position (Combes, Compt. rend., 1894, 117, 1222; Kurovski, 5er., 
1910, 63, 1078; T., 1913, 103, 81; 1914, 105, 189). 

II. Acetylacetones of the non-metals and metalloids, in which the 
principal valencies of the element are only partly satisfied by the 
univalent acetylacetone radicle. Such are the compounds of borou. 
silicon, and titanium, B(C5H702)2C1, Si(C5Hy02)3Cl, and 
Ti(C/iH70.7)3Cl, which function as metallic chlorides giving rise to 
remarkable double sail (Dilthey, AnnaUn, 1905, 344, 326). 

III. Acetyiacelones of sulphur, which behave as true organic 
derivatives of sulphur, carbon being attached directly to this non- 
metal and not through the intermediary of oxygen, as in the two 
preceding classes (Angeli and Magnani, Gazzetfa, 1893, 23, ii, 415; 
1894, 24, i, 342; Vaillant, Oompt. rend., 1894, 119, 647). 

There is also a transition group of metallic ai^tylac^ton^ between 
the main groups I and II, in which the principal valencies of the 
metal are only partly satisfied by the acetylacetone complex. This 
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transi^i^” group includes the pomplex acefcylacetones of platinum 
rWemer, Ber.y 1901, 34, 2584) and the cabaltio acetylacetone com- 
pounds of the general type [C^HyO^Co e%]X 2 (Werner, Uelv. Chim. 

J 9 l 8 j 1, 78), where en = ethylenediamine. The latter series of 
acetylacetone derivatives exhibits optical activity and the existence 
of enantiomorphous pairs of isomerides affords definite information 
to the arrangement of the acetylacetone nucleus in these sub- 
stances, and justifies the belief that the univalent group 
CH 3 'CO'CH;C(CH^)‘ 0 ‘ functions as two associating units,* forming 
a ring structure in which the metallic atom is implicated. 

The research described below, which is still in a preliminary 
stage, shows that the interactions of acetylacetone and the tetra- 
chlorides of selenium and tellurium lead to products differing 
considerably in type from those classified above. Although there are 
many points of difference between the various members of the three 
main groups of acetylacetone derivatives, they possess one attribute 
in common, namely, the univalent acetylacetone radicle, of which 
one or more are present in the molec\iIe of every one of these 
derivatives hitherto described. In the acetylacetones of selenium 
and tellurium these metalloids are found to be associated with a 
bivalent radicle, 

Selenium tetrachloride and acetylacetone interact in ethereal 
solution in accordance with the following e<^uation : 

( 1 ) 2SeCli -i- A = [CAA^Sel-;, + 20 AGIO, + 6 nCl. 

the products being seJemum ncetj/lacetone, a well-defined, pale 
vellow, crystalline compound, cbloroacetylacetone, and hydrogen 
chloride. This selenium acetylacetone, which is bimolecular in 
benzene solution, is readily decomposed by concentrated hydro- 
chloric acid and by reducing agents, such as the alkali hydrogen 
ulphites. The former of these decompositions takes place readily, 
^ving rise to elemental selenium and chloroaoetylae^^tone, 

(2) [CAAz'Se]. + 3HC1 = 2Se. + 20511 ^^ 1 . 

* The adjective " chelate,” derived from the great claw i^r “ chela ” 
“chely ”) of the lobster and other crustaceans, is suggested for these ealiper- 
ike groups which function as two associating units and fasten on to the 
’pntral metallic atom so as to produce heterocyclic rings. Among the 
’orapounds which, by virtue of their residual affinity, function as chelate 
groups are ethylenediarnine (en), propylenediamine, aa-dipyridyl and 
flimcthylothylene sulphide (T., 1912, 101, 1798). Many unsaturafed radicles 
alfO function as chelate groups, partly owdng to their principal valencies and 
partly owing to residual affinity, for example, the acetylacetone and oxalate 
groups, and the univalent groups in tfimethylglyoxime, 
CH,*C(:NOH)'C(CH,);NO', 

nitroso-jS-naphihol, OrCj^H^rNO*, and many other lake-forming complexes, 
lu the present communication the bivalent rwficle, C 5 ff/) 2 ', functions as a 
chelate group entirely owing to its principal valencies. 
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The latter decomposition, which proceeds quantiUtively, is an 
interesting example of the way in which organic research sometimes 
leads to improvements in inorganic syntheses. Four molecul^ po- 
portions of alkali hydrogen sulphite reduce the dimenc selenium 
Ltylaoetone quantitatively into acetylaoetone and alkah selenodi- 

thionato : gQ 

( 3 ) [CsHjOj: Se] 2 + 4 KHSO 3 = SCsHgOj + 2Se<gQ’j^. 

In the earlier preparations these selenodithionates were obtained m 
a laborious manner, together with alkali thi^elenates by dig^tmg 
sulphites with selenium or selenious acid (Rathke, J. pr. CTcm,, 
1866 95 8; 1866, 97 , 56; Schultzs, tW., 1885, [ 11 ], 32 , 399). 

The acetvlacetoi.e set free in the foregoing reduction and m other 
similar readious is conveniently estimated by coupling with sodium 
iao-p-nitrobenzenediazo-oxide to form the sparingly soluble p-nitro- 
benzeneazoacetylacetone, NO2-CsH,-N2-C5H,0j (Bulow and Schlot- 

terbeck, Ber., 1902, 35, 2191). 

The foregoing equations representing the formation and quanti- 
tative decompositions of selenium acetylacetone are consistent with 
the view that this associated compound may be represented by the 
erapbio formula 

® 0 0 

CH..-o'^'^Se==Se 0-CHs 
I L I 


HC CH^ 

\/ 

CO 

(I.) 


CH, CH 

\/ 

CO 


This conclusion is confirmed by the results obtained in studying the 
interaction of tellurium tetrachloride and acetylacetone. In mode 
rately concentrated chloroform solution these rea^nts give rise to a 
colourless substance, teUnmim acHylucclone dickfondct 

(4) TeCl, + C.HjOj = C^HeOjlTeCL + 2HC1. 

The dichloride when cautiously reduced with sulphurous add or 
alkali hydrogen sulphites loses its chlorine and yields tellwriun 
acetylacttone, a gok'en-yellow compound, which, unlike its selemum 
analogue, does not exhibit association in organic solvents : 

(5) CsHsOjlTeCI, + HjSOj + H^O = C^HsOjITe + 2HC1 + EjSOi. 

Tellurium acetylacetone is decomposed quantitatively into tellurium 
and acetylacetone by such reducing agents as an aluminium-mer- 
cury couple or alkali hydrogen sulphites. In the latter case a 
tellurium analogue of the alkali selenodithionates was not detected: 

(6) C 5 H 502 :Te+ 2KHS03=C5H802 + Te i- K-oSO, -I SO„. 
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Tellurium acetylacstone differs from the selenium analogue in its 
decomposition with cold concentrated hydrochloric acid (compare 
equation 2) ; it yields acetylacetone and half the tellurium as the 
tetrachloride: 

(7) SCgHjOglTe-f 4HCI = 2C5Hg02 + Tet- TeCl,. 

These reactions support the view that tellurium acetylacetone 
dichloride (I.p and tellurium acetylacetone (III) may be repre- 
sented respectively by the following fonnuhe : 


/\ Q 

CHa'C _Te<^j 

HO -('iH, 

\/ 

CO 

/V'ri 

(nwestiy 

HC’ CH, 

\/ ' 
00 

(II.) 

(III.) 


0 

/\ 

CHj-C X 
HO CH 

\/ 

Ci 

I ' 

OK 

(IV.) 


Selenium and tellurium acetylacetones function as weak acids and 
dissolve in aqueous alkali hydroxides. It is therefore evident that 
they may have an alternative enolic configuration (IV), which would 
correspond with that of their unstable alkali salts. 


Experimental.* 

Selenium Acetylacetone, [CjHjOjiSe],. 

Selenium tetrachloride was prepared by passing dry chlorine in 
excess over coarsely powdered selenium at the ordinary temperature, 
the dark red monochloride being formed as an intermediate phase. 
The pale yellow, crystalline tetrachloride (14-3 grams) suspended in 
140 C.C. of dry ether was treated at the ordinary temperature with 
13 grams of acetylacetone (2 mols.) dissolved in 30 o.c. of the same 
solvent. Hydrogen chloride was forthwith evolved, the solution 
reddened, the tetrachloride slowly passed into solution, while a 
yellow precipitate appeared and redissolved in about thirty minutes 
to a transparent, pale red, fuming lachrymatory solution, which was 
evaporated rapidly at the ordinary temperature in a current of air. 
Hydrogen chloride, ether, and chloroacetylacetone were thus 
removed; the residue, a pale red oil, solidified on stirring. The 
product (10 grams, yield 90 per cent.) crystallised from benzene in 
pale primrose-yellow, glistening plates or lath-like needles, giving 
yellow solutions in organic media; on exposure to light for pro- 
longed periods its surface became thinly coaled with pink selenium. 

The authors are indebted to Dr. Scott for a gift of pure tellurium, 
and to Professor Ling for spociinens of this metalloid and of selenium. 
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During this incipient decomposition the odour wHoh at first was 
pleasing and farinaceous became faintly nauseating, a result which 
was due probably to liberation of traces of hydrogen selenide Ths 
substance reddened at about 140°, and subsequently melted and 
decomposed at 175°. In a sealed capillary tube heated from 150 it 
melted to an orange-red liquid at 185°. 

The selenium was determined by heating the weighed substance 
with 5 e.c. of fuming nitric acid in a flask with ground-in air con- 
denser Oxidation being completed, the solution was boiled with 
excess of hydrochloric acid until all nitrous eompoimds were 
destroyed, the metalloid, precipitated as the red modification, trans- 
forming into the dark grey variety on warming with sodium 
sulphite or aqueous sulphurous add, was collected and weighed. 
Carbon and hydrogen estimations were made in combustion tubes 
charged with fine copper oxide, a long length of lead chromate, and 
a spiral of copper oxide, a little of this oxide being also placed in 
the porcelain boat. In the combustion of selenium and tellurium 
derivatives more accurate results were obtained by burning with 
oxygen alone than with air followed by oxygen (Found, C = 34-23, 
33-74; H = 3--15, 3-72; Se=44-10, 44-17. (CjHoOjSe), requires 
C=33-86; H = 3-41; Se='i4-68 per cent). 

Molecular determinations by the ebullioscopic method in benzene 
gave 316, 312 (0-65 and 118 grams per 100 c.c. respectively), thus 
indicating association: « = 1 or 2 requires 177 or 354. 

Selenium acetylaoetone is not obtained unless the prescribed 
experimental conditions are followed closely in regard to tempera- 
ture, oonoeutration, proportion of reagents, and removal of the 
volatile products at Ibe ordinary temperature. The proportion of 
two molecules of acetylacetoue to one of selenium tetrachloride has 
been found to give the optimum yield, whereas ratios of one or four 
molecules of the diketone do not give rise to any crystalline product. 
Experiments carried out in chloroform or with selenium dibromide. 
ScoBr.,, and acetylacetoue in ether have led so far to elimination of 
selenium and to the production of lachrymatory oils. A preliminary 
experiment with benzoylacetone and selenium tetrachloride in cold 
ether indicated the formation of a pale yellow selenium benzoyl- 
acetone (m. p. 212°) having similar properties to selenium acetyl- 
acetone. 

Selenium acetylacetoue, which has a faintly acidic, sweetish taste, 
dissolves slightly in hot water, the solution being distinctly acid ; it 
is somewhat sparingly soluble in boiling ether, ethyl alcohol, acetone 
or chloroform, and dissolves more freely in hot glacial acetic acid. 
Its solubility in boiling benzene is about T5 grams in 100 c c., but 
is ten times less in the cold. 
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Seleuium acetylaoetone dissolves readily in cold aqueous alkali 
hydroxides or ammonia to bright yellow solutions, which regenerate 
the compound if neutralised at once with dilute add. The alkaline 
solutions speedily decompose, red selenium being predpitated, whilst 
a nauseating odour is developed. Although insoluble in ^ueous 
sodium carbonate, prolonged treatment wdth this reagent leads to 
the forf^oing decomposition. The organic product of these alkaline 
decompositions is an oil having a pleasant ketonic odour. 

Dilute mineral acids are without effect on selenium acetylacetone, 
concentrated nitiio and sulphuric adds have a destructive action, 
whereas cold concentrated hydrochloric acid decomposes it smoothly 
into red selenium and chloroacetylacetone, identified by its bailing 
point, lachrymatory properties, and green copper derivative. 

Ferric chloride either in aqueous or alcoholic solution gives no red 
coloration with selenium acetylacetone even after two hours. In 
twenty-four hours an orange tint is discernible, and this coloration 
is developed more quickly on boiling, but selenium is set free simul- 
taneously. When distilled with zinc dust, selenium acetylacetone 
loses selenium, evolves a nauseating vapour, and gives rise to an oil 
which, after rectification, gives a red coloration with ferric chloride 
and has a pleasant ketonic odour. Iodine in chloroform solution has 
no action on selenium acetylacetone, but chlorine in the same 
solvent gives selenium tetrachloride and chloroacetylacetone, whereas 
bromine yields lachrymatory products and a colourless, crystalline 
substance (m. p. 180°), Aqueous hydrogen sulphide decomposes it 
slowly in the cold with liberation of sulphur and selenium. Hydr- 
oxylamiue, ]>henylhydraziiie, p-hromophenylhydrazine, p - nitro- 
phenylhydrazine, and 6-chloro-3 : 4-tolylenediamine induce a more or 
less rapid elimination of selenium. 

By-products of the Formation of Selenium Acetylacetone.—The 
amount of hydrogen chloride set free in the condensation was esti- 
mated and found to be equivalent to three-foui-ths of the chlorine 
originally present in the selenium tetrachloride. The ehloroacetyl- 
acetone (b. p. 148—150°), of which more than two-thirds of the cal- 
culated amount were obtained in a purified condition, was further 
identified by conversion into its green copper derivative soluble in 
chloroform. These results support the view expressed by equation 2 
(p. 1457). ^ 

t 

Quantitative Decomposition of Selenium Acetylacetone: Alkali 
S elenoditkion-ates . 

Two grams of powdered selenium acetylaoetone were added to 
18 c.a of water containing 3 grams of pota-ssium metabisulphite 
(dj raols. of KIISO3 eipiivalent to 1 atom of Se), and the mixture 
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was shaken mechanically for one hour. A colourless, crystalline pre. 
cipitate of potassium selenodithionate, KjSjSeOj, was then col. 
lected the filtrate extracted with ether to remove aoetylaoetoue, 
and tL aqueous layer mixed with alcohol to complete the deposition 
of the inorganic product (yield 3'5 grams = 97 per cent, of the thee 
retical). AVhen separating rapidly from aqueous solution the seleno- 
dithionato appeared in lustrous scales or thin plates; when crystal 
Using slowly it was obUined in long, transparent, silky needles. 

Both forms of the salt were quite colourless and stable when 
exposed to air and light. On heating they commenced to redden 
at 190°, and at 250° the red selenium turned grey. Meanwhile 
sulphur’ dioxide was evolved, and finally a residue of potassium 
sulphate was left (Found, K=24'59; S = 20'06, 20’58; Se=25'06, 
25-07. Calc., K=24-63; S=20-19; Se=24-95 per cent.). 

Sodmm felenodithionate, Na^SoSeOj, was produced by adding 
selenium acetylacetonc to a cold concentrated solution of sodium 
hydrogen sulphite (2J mols.), the mixture being shaken until the 
organic compound had dissolved, and precipitated, by adding 
alcohol, in colourless, lustrous anhydrous scales, readily soluble in 
water (Found, Na=16-24. Na^SjSeO,, requires Na=16-12 per cent.). 
Aqueous sulphur dioxide had a similar action on selenium acetyl, 
acetone, dissolviug it in the cold to a colourless solutio'n containing 
acetylacctone, extracted by ether, and selenodithionic add, whicl 
slowly decomposed into selenium, sulphur dioxide, and sulphuric 
acid. 

Estimation of Aceii/lacetone.— The aoetylacetone set free in the 
foregoing decompositions was identified by conversion into its pale 
blue copper and colourless aluminium derivatives. It was estimated 
by coupling with sodium Mo-p-nitrobenzenediazo oxide. 

Selenium acetylacetonc (0-2 gram) was shaken for four hours with 
0-25 gram of potassium metabisulphite and 3 c.c. of water. Potass- 
ium selenodithionate was precipitated by alcohol, and the filtrate 
treated with 0-23 gram of sodium tso-p-nitrobenzenediazo-oxide, 
(N02‘Cf,H4-N2'0Na,H.20). The pale orange-red predpitate of 
p-nitrobenzeneazoacetylacetone, after washing with dilute alcohol, 
weighed 0-2 gram (calc., 0-28 gram), and gave the correct melting 
point, 219—222°. 


Tellurium am tylacetone dichloride^ C5Hg02lTeCl2. 

Tellurium reacted with dry chlorine, evolving heat and forming 
tellurium tetrachloride as a yellowish-white liquid, in which excess 
of the metalloid dissolved to an almost black solution, probably 
containing the dichloride. With excess of chlorine the whole solidi- 
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lied to a yellow, crystalline mass of tetrachloride, which was purified 

by sublunation. 

Sublimed tellurium tetrachloride (10'3 grams) was mixed with 
r-6 grams of aoetylacetone (2 mols.) in 55 c.c. of dry chloroform 
and the orange solution heated under reflux on tie water-bath. The 
evolution of hydrogen chloride ceased after two hours' boiling; the 
solution waa filtered from a heavy, dark grey oil, and concentrated 
over lime in a desiccator. Crystals of telluriiun acetylacetone 
dichloride separated; the concentrated filtrates yielded further 
crops (yield 7 grams, or 62 per cent, calculated ou TeClj). The 
product was sparingly soluble in ether, benzene, or chloroform, 
rather more so in hot alcohol, and very readily soluble in cold 
acetone. It crystallised from alcohol or benzene in acdcular forms 
and separated slowly from acetone in large, transparent, hexagonal 
prisms often twinned. Both forms were colourless; they darkened 
at 155 — 160° and melted and decomposed between 169° and 173°, 
liberating tellurium and evolving hydrogen chloride and a lachry- 
matory oil, which developed a red coloration with aqueous ferric 
chloride. The tellurium was estimated by warming a weighed 
amount with fuming nitric add (5 eo.) in a reflux apparatus. After 
boiling with concentrated hydrochloric acid (25 c.c.) to remove 
nitrous compounds, the solution was evaporated to dryness. The 
residue dissolved in 15 c.c. of 10 per cent, hydrochloric add was 
warmed with 10 c.c. of, 15 per cent, hydrazine hydrochloride and 
35 c.c. of saturated sulphurous acid gradually added, the liberated 
tellurium being dried at 107°. The chlorine was estimated by 
alkaluie hydrolysis and predpitation as silver chloride; the com- 
bustions were carried out as in the case of selenium acetylacetone 
(Found, C=20-72; H = 2 07; Cl = 24'01, 23'95; Te=42-87. 
(CjHjOjClJe), requires C=20-24; H = 2-04; Cl = 23-92; Te=43'00 
per cent.). 

Molecular-weight determinations by the ebulJioscopic method in 
acetone (1'846 and 4-207 grams per 100 c,&) gave 241 and 255 
(M=296'5). 

Telhrmm acetylacetone dichloride does not become discoloured 
on exposure to light. It readily loses chlorine with hot water or 
aqueous acids or alkalis. Telluriuin is not set free by boiling 
with aqueous pota-ssium hydroxide. With aqueous ferric chloride 
a red coloratiou is developed only very slowly. When warmed with 
considerable excess of aqueous sulphurous add this compound is 
decomposed completely, yielding tellurium and acetylacetone. 
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Tellurium Acetylacetone, CjHjOj.Te. 

The foregoing dichloride (2-2 grains) when triturated for ten 
minutes with I'B grams of potassium metabisulphite (1 mol.) and 
20 C.C. of water yielded a small amount of tellurium and 1 gram 

(yield 60 70 per cent.) of a yellow compound, which was purified 

by crystallisation from benacne or hot water. This product was also 
obtained with less liberation of tellurium by boiling the dichloride 
with a slight excess of aqueous sulphur dioxide (Found, C = 27T4, 
26-62; H-2-88, 2-92; Te=56-55. (CsH^OoTe), requires C = 26-61, 
H = 2-68; Te=56-52 per cent.). 

Molecular-weight determinations in boiling benzene and acetone 
(0-462 and 0-879 gram per 100 c.c.) gave respectively 262 and 185, 
M.W. for M = 1 is 225-6. 

Tellurium acetylacetone forms heavy, golden-yellow needles spar- 
ingly soluble in water, ether, chloroform, or alcohol, and deoompog. 
ing indefinitely at 145—180°. In a sealed tube it melts to a yellow 
liquid, which partly sublimes in yellow needles, and on further 
heating decomposes with elimination of tellurium and productioa 
of an oil resembling acetylacetone. Under reduced pressure the 
compound sublimes at about 160° in glistening, yellow needles. 

Tellurium acetylacetone resembles the selenium compound in its 
chemical reactions. It dissolves in cold aqueous potassium hydr- 
oxide to a bright yellow solution, from which immediate neutral- 
isation with acid regenerates the original compound, but after a few 
minutes the alkaline solution deposits tellurium. Cold concentrated 
hydrochloric acid decomposes the compound with elimination of 
tellurium. Ferric chloride develops a r^ coloration, but only after 
a long time. Hydrogen peroxide decolorises immediately the yellow 
aqueous solution of tellurium acetylacetone, giving a white precipi- 
tate; hydrogen sulphide produces at once a black deposit (TeSj !), 
alcoholic mercuric iodide yields a yellow precipitate, and warm 
aqueous sulphur dioxide reduces the compound with elimination of 
tellurium. 


Quantitative Decompositions of Tellurium Acetylacetone. 

(a) With Bisulphite. — Tellurium aoetylaoetone (0-4 gram) shaken 
for five hours with 0-4 gram of potassium metabisulphite and 3 c.t 
of water yielded sulphur dioxide, 0-2 gram of tellurium, and 0'3 
gram of potassiuir sulphate, the latter precipitated by alcohol after 
extracting the acetylacetone with ether. 

Warm aqueous sulphur dioxide brought about a similar redac- 
tion, yielding acetylacetone, tellurium, and sulphuric acid. 
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^b) With an Aluminium-Mercury Couple . — Tellurium acetyl- 
acetoue (0'4 gram) in 50 c.c. of hot water was shaken with an 
aluminiuin-ii*ercury couple, and the solution, filtered from precipi- 
tated tellurium, was treated with sodium 2 >o-;^nitrobenzenediaao- 
oxid© (0’37 gram) in 8 c.c. of glacial a(»tic acid and 20 c.c. of abso- 
lute alcohol. After three hours the orange-red p-nitrobeuzeneazo- 
acetylacetone was collected (0'35 gram, yield 80 per cent.) and 
crystallised from glacial acetic acid ; it then melted at 220°. 

(c) With Concentrated Hydrochloric Acid . — A preliminary 
experiment showed that tellurium acetylacetone, unlike its selenium 
analogue, yielded acetylacetone and not chloroacetylacetone on 
decomposition with concentrated hydrochloric acid, a portion only 
of the tellurium being precipitated, whilst the remainder was left 
in solution as tellurium tetrachloride. Tellurium acetylacetone 
(0T553 gram) was stirred with cold concentrated hydrochloric acid 
for several hours. The precipitated tellurium, which was then col- 
lected and washed successively with a little more concentrated acid 
^nd water, weighed 0'0432 gram. The filtrates w'ere then treated 
with aqueous hydrazine hydrochloride saturated with sulphur 
dioxide. These reducing agents precipitated the remainder of the 
^Ilurium, which weighed 0‘0427 gram (total amount of tellurium 
cund = 0'0S59 gram, j calc., 0’0880). These results confirm 
jquation 7 (p. 1459). 

The authors desire to express their thanks to the Advisory 
Council for Scientific and Industrial Research for grants which 
have partly defrayed the expenses of this investigation. 

Chemical Depabtment, 

Ukiversity oy Birminoiiam, 

EDaUASTOK. [Rccetuerf, October 25tk, 1920,] 


CLXIII . — The Formation and Reactions of Imino- 
compounds. Part XX. The Condensation of 
Aldehydes with Cijamacetamidc. 

By James Nelsos Edmund Day and Jocelyn Field Thobpe. 

Ix a series of papers dealing with the condensation of ketones with 
cyanoacetamide (T., 1911, 99, 422; 1913, 103, 1586; 1919, 115, 
686) it has been shown that the reaction between these substances 
is the presence of a condensing agent leads to the formation of cis- 
VOL. OXVti, ■ 3 H 
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and (.ansadditive product*, and that ring-formation then ensuf,, 
yielding two dilYorent types of heterocyclic six-membered system, 
Thus tL /rrms-condensation proceeds; 


CX-CIij'CO'NHj 

H/.'O 

CS'CHj-UO-NHj 


NH,-CO-CH-CN 
^ 1 
R,C 

CN-OH-CO-NHj 

(trails,] 


nHj'CO-cH'c:j;h 

R,0 liTH 
I 

CN-CH-UO 

(!•) 


whereas the c/s-condensation yields. 

CN-CH-CO-MH, CX-nH-C-ONil, 

R,l: ^ N 

CN-UH'CO-NHj CN-UH-CO 

ids,) 


CJs’nH-C-OH 
I II 
RjO N 

CN'OH'io 

(IT.) 


the compounds formed in this case (II) being the same as those 
produced by the well-known reaction discovered by Guaresebi, 
which involves the interaction of ethyl cyanoacetate, the ketone, 
and ammonia. As both types (I) and (II) yield the ^^-disubsti- 
tuted ghitaric acid on complete hydrolysis, the method serves as a 
useful one for the preparation of these important acids in quantity, 
In the course of the work which is now being carried outsat this 
College in connexion with the formation and properties of carbon 
ring structures it became evident that considerable quantities of tbe 
glutaric acads having a single substituent ^oup in the ^-positioE 
would be required, and search was therefore made for a similar 
general method which could be used for their production. Ob- 
viously the use of an aldehyde in. place of a ketone in the above 
reaction suggested itself, but, unfortunately, Guareschi has already 
shown that, by his method, aldehydes lead to the formation of 
stable pyriditie- derivatives which cannot be hydrolysed to the 
jiitrogen-free acid : 


R'OEO 


CH,(CN)-CUaEt. 

CH,(CK)-CO,Et 




(III.) 


It was therefore gratifying to find that the condensations between 
aliphatic aldehydes and cyanoacetamide proceeded very smooUily in 
the presence of a trace of alkali hydroxide, that yields of 90 
cent or more were obtained, and that' the condensation products 
could be quickly and completely hydrolysed to the oorrespondiag 
3 substituted glutari# aoid by means of dilute hydroohloric add 
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Aloreover, the addi obtained were in a high state of purity and did 
not require further treatment before usa Evidently, therefore, the 
jcethtxl is the best one at present known for the preparation of 
these adds. 

Investigation quickly showed, however, that the condensation 
products fcrmed in this way were of a different type from those 
produced in the ketone reactions. They were, for example, insoluble 
in dilute mineral acids, and were without basic properties. They 
did not form platinichlorides, and were nob hydrolysed to the imide 
by boiling with mineral acids, a reaction characteristic of the ring 
imiuo-oompounds of type I. They were, moreover, very much more 
readily hydrolysed to the nitrogen-free acid than the compounds of 
either tvpe I or II, and were, in fact, undoubtedly open-chain 
cvanoamides formed in accordance with the scheme: 


R‘CHO 


CH.(CN)-CO-Xli2 


t:H(CN)-CO'NH3 

K-i'ni 

Of)(CN)-CO’NHj 

{IV.) 


This type of ooadensation product formed, in every case investi- 
gated, approximately 99 per cent, of the total solid obtained, The 
remainder comprised about equal quantities of the imino-imide of 
type I and the Guareschi compound of type III. 

A consideration of these data seems to lead to the conclusion 
that there is a greater tendenry to form six-membered heterocyclic 
structures when two alkyl groups are attached to the central carbon 
atom than when only one substituting group is in this position. If 
this were true and could be applied to homocyclic carbon systems 
of similar type, it would account for many of the peculiar proper- 
ties which are possessed by compounds having two alkyl groups 
attached to the same carbon atom. On the other hand, it is possible 
that the physical properties of the condensation products may 
determine the order and amount of their formation. In other 
words, that whilst the normal compound of type IV is in every 
case the one first produced, its actual separation as the final product 
may be influenced by its solubility in the solvent used. Ring-forma- 
tion may therefore ensue if the solubility of the initial compound 
prevents it from being removed by predpitation, and if the ring- 
compound happens to be the less soluble of the two. In support 
of this view' it is to be noted, as already mentioned, that there is 
definite evidence of ring-formation of both types I and 11 in the 
aldehyde condensations. Against it must be placed the fact that, 
although reputed attempts have beeu made by varying the solvent, 
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•„ +>,«. .Itnictare of the product has been detected, 
::Jp" Ite of hen^aldehyde quoted below wbicb bow- 
“7^not be regarded as being in any way , ^ it 

mor^ver significant that in every case investigated the ddehydee 
Tave ope^cbain amides and the ketones nng-compounds. It is clear 
Ito matter reouirea further investigation. 

We were unable to induce aromatic aldehydes to yield derivative* 
ef glutaric acid by condensing them with y-oacet™i e. 
Guareschi, who has applied his reaction to a number of th^ aide 
hyes, found that the usual pyndine 

the expense of the normal condensation product (VI), which wii 
itself reduced to the substance VII; 


-„,^C(CN)-C(OII)w CHPh:C{CN)-CO-NH,, 

(V.) ' ' 

CH.Ph-CH(CN)-CO-NHj 

(VII.) 

As a matter of fact the products in the case of benzaldehyde and 
cyauoacstamide depend on the conditions. Thus if alwhol is used 
and a clear solution is maintained throughout, the products V and 
VII are formed in molecular proportions. If, however, no alcohol 
is used and the aldehyde is shaken with an aqueous solution of the 
amide, the sole product is the unsaturated compound (VI). 
pound VI is also the s(vle product if alcohol is used and if the 
mixture is first seeded with a crystal of the unsaturated amide. 

There appears to be no tendency whatever for an aromatic alde- 
hyde to combine with two molecules of cyanoacetamide, and the 
glutaric acids having an aromatic group in the ^-position cannot 
therefore be prepared by this method. 


Expert mental. 

C/'nentl Cyanoacetamide was prepared by the method 

described by Thole and Thorpe (T., 1911. 99, 429). After recrystal- 
lisation from alcohol it was dried in the steam oven for three hours 
in order to remove traces of ammonia, a substance which has been 
found to have a marked hindering effect on condensations of tins 
character. 

The condensations were carried out in wide-mouthed, glass- 
stoppered bottles, the cyanoacetamide being dissolved in five tim« 
its weight of water. In some cases in which the heat generated 
the reaction necessitated cooling in ice-water, thus causing the pre- 
cipitation of some cyanoacetamide, a little more water was added in 
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order to effect complete solution. The aldehydes were fractionated 
immediately before use and were added to the cooled solution of 
cyanoacetamide, sufficient alcohol being added, when necessary, to 
form a clear solution. The condensing agents used were piperidine 
diethylamine, and aqueous potassium hydroxide. No difference was 
noticed between these reagents when comparative experiments were 
carried out under similar conditions, and, therefore, a small quan- 
tity of a 50 per cent, aqueous solution of potassium hydroxide was 
invariably used. 


A cetaldehyde. 


aa'-Dicyano~^-methylglutaramide, CHMe[CH(CN)*CO*NHol — - 

This substance is produced m a yield approximating to 95 per crat 
of that theoretically possible when 25-2 grams of cyanoacetamide 
dissolved in 126 cc. of waler are mixed with 6-6 grams of acetalde- 
hyde and 0-3 o.o. of a 50 per cent, aqueous solution of potassium 
hydroxide added. Precipitation commences after about ten minutes 
and is complete at the end of three hours, when the material can be 
collected. The white, crystalline substance melts in the crude con- 
dition at 150—155° to a clear, yellow liquid, hut owing to its insolu- 
bility it cannot be recrystallised from any of the usual solvents. 
The specimen for analysis was purified by being first ground with 
dilute hydrochloric acid and then washed with hot absolute alcohol. 
It melted sliaiply at 161° (Found, C-49-60; n = 5-34; N = 28'9‘' 
CsH,oO,N 4 requires C-49-48; n = 5T9; N = 28-87 per t»nt.). 

^■Methjlglutaric This acid is produced from the amide in 

practically quantitative yield when 20 grams of the latter are 
warmed with 50 c.o. of concentrated hydrochloric acid, and the clear 
solution, after being diluted with an equal volume of water, is 
boiled for five hours. 


The acid, in a very pure condition, can be extracted from the 
moled solution by means of ether, and melts at 87° after being 
recrystallised from benzene or from dilute hydrochloric acid 
(Knoevenagel, Ber., 1898, 31, 2585) (Found, 0=4917; H = 6-93. 
Cak, C = 49-3; H = 6-9 prer cent. Silver salt. Found, Ag=59-87. 
Calc., Ag=.59'95 per cent.). 

^ Imino-Z-cgano-o-carhamvI-i-methghi-pipeHf/nnc, 


can be obtained in small amount (about 0-25 per cent.) when the 
hydrochloric acid washings from the amide are treated with sodium 
acetate solution. It separates from water in small, colourless prisms, 
melts and decomposes at 235°, and is readily soluble in dilute 
hydrochloric add. Crystallisation has to be effected rapidly, other- 
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wise some hydrolysis ensDes (Found, C=49'72; H — 5’39; N = 287? 
CsHjoOjN, requires C=49'5; H=5-2; N=28'9 per cent.). 

Tho compound is hydrolysed to j8-methylglutaric add by meats 
of sulphuric add (compare T., 1911, 99, 431). 

3-C>jano-i : 6-diJ;eto-i-ineihylpperidine-5-carloxylamide, 

CHMe<«H(ON)^C^KH, 

is formed by the action of hot dilute hydrochloric add on the imino- 
compoiind {loc. cH.). It crystallises from water in colourless prisas 
which melt and decompose at 245^^ (Found, N=21‘44. CgHgO^h 
requires K=2l'6 per cent.). 

The compound is completely converted into jS-methylglutaric aci/J 
on hydrolysis with sulphuric acid. 

When, the original filtrate from the above condensation product 
is acidified by mixing it with one-third of its volume of concen- 
trated hydrochloric acid a crystalline precipitate is formed whicl 
melts after recrystallisation from dilute hydrochloric acid at 252“^ 
decomposing at 255° (Found, Ns524‘l. CgH^OgNg requires Ns24’0 
per cent.). The yield of this substance was not more than 0-3 per 

cent. It is evidently 3 : 5-dicyano*2 : 6-dihydroxy-4-methylpyridine, 

described by Quenda (Atii R. Accai 
Sci Tonno, 1896—1897, 32, 415). 

Propaldek^de. 

aa^-Dicijnrno - 3 - etkylglutaramide, CHEt[CH(CN)*CX)‘NH 2 ]n,-- 
This substance separatee in a crystalline condition when an aqueom 
solution containing 16'8 grams of cyanoacetamide, 120 c.c. of water, 
and 5‘8 grams of propaldehyde is treated with 0’3 c.c. of a 50 per 
cent, solution of potassium hydroxide. The yield of the crude 
product is 90 per cent of that theoretically possible. When purifid 
by grinding with hydrochloric acid and recrystalHsatioii from a 
mixture of alcohol and benzene it forms colourless needle cluslw 
which melt at 147°. The compound is insoluble in dilute hydro- 
chloric acid, and i:: only sparingly soluble in the usual organic ?ol 
vents (Pound: €-53-67; H-5-63; N-26-95. CyHj,0,,N^ reqiiirs^ 

C — 5T9; H — 5'8; K— 26’9 per cent.). 

^'Eth^lphtfnric Acid . — The above amide is converted into 
acid on being boded for five hours with dilute hydrochloric acid. It 
melts at 73° after recrystallisation from dilute hydrochloric acid 
(Emery, AunaJen, 1897, 295, 94) (Found, C = 53-71; H=7-6i 
Calc-, C — 53'o; H— 7'6 per cent. Silver salt^ Found, Ag=57'55 
Calc., Ag=57'7 per cent.). 
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(,.lmino-Z-cyano-b-carhamyl-i-ethyl-%piperidone, 




-CO 


ch(Ci>nh2)-c(:nh) 


'>NH, 


occut'9 to the extent of about 0'5 per cent, in the original condensa- 
tion, end can b© isolated from the hydrochloric acid washings from 
the main product on treatment with aqueous sodium acetate. It 
separates from water in small crystals melting and decomposing at 
nUO (Found, N=.26-86. requires N = 26-9 per cent.). 

The compound is readily soluble in dilute hydrochloric acid. 

: ^-diketoA.-tthylpi'peridine-^-carhoxylamuh, 




is produc©d in a crystalliiie condiiion when tke abovB piperidon© 
base is dissolved in dilute hydrochloric acid and the solution boiled 
for a few minutes. It separates in small, colourless prisms which, 
when recrystallised from water, melt and evolve gas at 236° (Found, 
N = 20'06. CjHiiOjNj requires N=20-l per cent.). 

Beth the above compounds are converted into ^-ethylglutaric acid 
on hydrolysis. 


n-Bataldehi/de. 

aa'-Dicyano-B-propylglutaramlde, CHrr'‘[CH(CN)-CO'NH 2 ] 2 .- - 
A yield of this substance representing 90 per cent, of that theo- 
retically possible is produced when a solution containing 25'2 grams 
of cyanoaoetamide, 180 c.c. of water, and 10'8 grams of n-butalde- 
hyde is treated with 0'3 cc. of an aqueous solution of potassium 
hydroxide. Precipitation is complete inthe course of three hours, 
and purification can be effected by grinding with dilute hydro- 
chloric acid and crystallising from a mixture of alcohol and benxene. 
It forms a white, microcrystalline powder which melts at 136° 
(Found, C = 5417; H = 6-30; N = 25-35. C,oH„0,N, requires 
C=54'00; H=:6'4; N = 25'2 per cent.). 

The compound is insoluble in hydrochloric acid. 

^■Frojiylglutaric Add, CHPr-(CH,-C02H)2. — The hydrolysis of 
the amide (25 grams) is best'ellected by means of a solution contain- 
ing 70 c.c. of concentrated hydrochloric acid diluted with 100 o.c. 
of water, and is complete after having been boiled for five hours. 
The acid can be isolated by extraction with ether and purified by 
recrystallisation from hydrochloric add, when it is obtained in small, 
needlfrshaped crystals melting at 52° (Found, C=55'04; H = 8'22. 
W 4 O 4 roquires C = 65'2; H = 8'l per oemt.). 

The acid is freely soluble in all the usual organic solvents and 
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ill water. The silvtr salt is a white, apparently amorphous powder 
(Found, Ag=55'55. CsHgOjAgj requires Ag = 66'6 per cent). 

The anhydride, CHPr<^“«'J:J^(.>, prepared from the add 

through, the agency of acetyl chloride, is a colourless, mobile liq^j,^ 
boiling at 180^/20 mm. (Found, C=61'24; H = 7'68. CgHj^O, 
requires C"6i‘5; H=:7-8 per cent.). 

The semamlide, CnPr"(CH2'C0‘NHPh)-CIIg‘C02H, from a 
benzene solution of the anhydride and aniline, crystallises from 
benzene in small, colourless plates mdlting at 128® (Found 
N = 5‘86. requires N=;5'6 per cent.). 

The ditihyl ester, CHPr(CHg*COgEt) 2 , prepared from the add 
by means of alcohol and sulphuric acid, is a colourless oil whicli 
boils at 132®/10 mm. (Found, C=62'81; H=9'62. Ci.2H,m0j 
requires C=65‘6; H = 9'6 per cent.). 

6-/mmo-3-c^ano*5-caria7ny/4-yropy^2'pipericfcwe, 


CHP.<S 


-cn. 


>NH. 


''CH(CO-nh,)-c(:nh)'' 

— This substance is precipitated in a crystalline condition when tie 
hydrochloric acid washings from the amide (p. 1471) are treal«i 
with sodium acetate solution. It separates from alcohol in small, 
prismatic crystals melting and decomposing at 208° (Found, 
N=25'95. CjjHjjO.N, requires N=25'2 per cent.). 

The compound is readily soluble in dilute hydrochloric acid, 
'i-Cyano-1 : ^-dHtetoA-propylpiyeridine-b-caTboxylamide, 

CHPr<^«<CN) 


separates, on cooling, from a solution of the piperidone derivative ii 
dilute hydrochloric acid after it has been boiled for five minutes. It 
separates from water in small, colourless needles melting at 229= 
with effervescence (Found, N = 18-62. C,„H, 30 sN 3 requires N=18i 
per cent.). 

The two last-named substances are each converted into ^'propyl 
giutaric acid on complete hydrolysis with sulphuric acid. 


Benzaldekyde. 

The conditions governing the course of the reaction between 
cyanoacef.amide and benzaldehyde are discussed on p. 1468. Tlif 
practical details are as follows. 

(1) Condensation m the Presence of Alcohol wilhrmt 
Cyanoacetamide (2a grams) dissolved in 126 e.c. of water is miseil 
with 16 grams of benzaldehyde and sufficient alcohol added (usuiill' 
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about 90 C.C.) to give a clear solution. The addition of the usual 
amount of concentrated aqueous potassium hydroxide failed to 
produce any precipitation, and the solution was therefore kept for 
three days at 38 40°. Extraction with ether then yielded a solid 
material which crystallised from dilute alcohol in needles melting at 
129—130° (Pound, 0=68-77; H = .5'80 ; N = 16'29. Calc., 0 = 68-9; 
H = 5-7; N=161 per cent.). 

The compound was proved to be identical with a-cyano-;3*phenyl- 
propionamide, CH 2 Ph‘OH(CN)*CO*NH 2 , by direct comparison with 
a specimen of this substance prepared by Hessler’s method (Amer. 
i'hein. J .j 1899, 22, 169) by the action of benzyl chloride on the 
dry sodium compound of ethyl cyanoacetate. 

When the aqueous solution left after extraction with ether in the 
above experiment is acidilied with hydrochloric acid a white pre- 
cipitate is formed, which crystallises from alcohol or, better, from 
dilute hydrochloric acid in needle clusters melting and decomposing 
at 245° (Found, 0=65-6; 11 = 3-28; N = 17-93. Calc., 0 = 65-8; 
1I=2'9; N = 17-7 per cent.). The compound is evidently 3:5-di- 
cyano-6-hydroxy-4-phenyl-i3'«-dihydro-2-pyridoDe, 


npi,.,^C(CN) CO^Ij 

)-0(OH ’ 


originally prepared by Guareschi {Ani R. Accad. Sei. Torino, 
1898 1899, 34 , 565) by the action of ammonia on a mixture of 
benzaldehyde and ethyl cyanoacetate. Guareschi describes his com- 
pound as crystallising with 3HjO, but a direct comparison of the 
two compounds left no doubt as to their identity. The substance is 
remarkable in that it is freely soluble in cold water and will crystal- 
lise from this solvent in the hydrated form described by Guareschi 
if the solution is sufficiently concentrated. 

If, however, a small quantity of hydrochloric acid is added to the 
aqueous solution, the compound immediately separates in the anhy- 
drous condition. The relative amounts of the two compounds 
formed in the above condensation are approximately in the propor- 
tion of their molecular weights, namely, 10 grams of the amide to 
16 5 grams of the pyridine derivative. 

(2) Condematkm without Alcohol . — The same quantities were 
used as m the previous experiment, only in this instance no alcohol 
WAS added. Vigorous shaking was necessary in the initial stages of 
the reaction, but the condensation product soon began to form, and 
the precipitation was complete after two hours. The compound 
produced in this way crystallised from benzene in clusters of silky 
needles melting at 123° (Pound, 0 = 69-55; H = 4-73; 

3 I* 
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Calc., C = 69'7; H~4'7; N = 16-3 per cent.), and was proved by 
direct comparison to be a-cyaiiociaiiamamide, 

chpii:c(cn)-co-nh9, 

and to be tbe same substance as that prepared by Henck (Ber 
1895. 28 , 2252). 

(3) Coihdemation in the Vrtsencf of Alcohol with Seeding.-^^ 
yield of 80 per cent, of o-cyaiiocinnamamide in a pure, crystalline 
condition can be obtained in the course of two hours when a solu- 
tion containing 16 grams of cyanoaoetamide, 21 grams of benzalde- 
hyde, 70 c.e. of alcohol, and 84 c.c. of water, whiesh has been mixed 
with 0'3 e.c. of a oO per cent, solution of potassium hydroxide ic 
water, is seeded with a crystal of the unsaturated amide. 

The Imperial Colle(5B of Sciexce .axd Technology, 

South Kensisoton. {Received, Ociober 2Wi, 1920 ] 
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Organic Chemistry. 


Oxidation of Hydrocarbons by Oxygen. Oxidation of 
Paraffin. C. Keibee (Ber., 1920, 53 , [B], 1367—1577. Compare 
riscter and Schneider, this vol., i, 519; Grtin, this vol,, i, 520).— 
In a previous communication (this vol., i, 280), the author has 
dealt with the volatile acids obtained by the oxidation of parafSn ; 
he now describes the investigation of the residual mass, which 
amounts to 90—100% of the initial materi^*md has’ iodine 
number 1—2, saponification number 250— 30oi||p acid number 
about 200. The highly complex mixture of acids cannot be 
separated into its components by the ordinary methods, and only 
by a suitable combined process is it possible to isolate and identify 
certain acids. At present, efforts have been mainly directed 
towards the characterisation of solid, saturated, normal fatty acids 
from CioHj(,Oj onwards, such as occur in the animal and vegetable 
organisms. 

Tile crude residue is washed with water and then hydrolysed 
with alkali hydroxide; after removal of unsaponifiable matter, the 
acids are liberated, and a fraction soluble in light petroleum is 
prepared. This fraction is esterified with ethyl alcohol, and a 
partial separation is effected by distillation of the ethyl esters 
under diminished pressure. The ester fractions are separately 
hydrolysed, and the resulting acids are separated by suitable com- 
binations of the following methods: (i) crystallisation of the acids, 
(ii) separation of the potassium salts by acetone (compare Fuchini 
and Dorta, A., 1914, ii, 153), (iii) the magnesium acetate method, 
and (iv) orystaliisatio-a of a mixture containing a suspected acid 
from a saturated solution* of that acid. The presence of the follow- 
ing acids has so far been established : decoic, myristic, palmitic, 
heptadecoio, stearic, and arachidio, and an add, CieHaiiOj, which 
is isomeric with palmitic and possibly identical with Bergmann’s 
liopalmitic acid (A., 1918, i, 285). H. W. 

The Chlorination of Ethylene in the Presence of Calcium 
Chloride. J. A. Smtihe (Gas J., 1920, 149, 691— 693)._A 
simple apparatus is described for use with Newth’s method (T., 
1901, 79 , 915) for the preparation of ethylene, by means of which 
a steady supply of the pure gas may be obtained. When the gas 
prepared in this way is passed, along rvith chlorine, over a short 
layer of calcium chloride in a water-cooled tube, a mixture of 
dchloroethane (50%), trichloroethane (25%), and less volatile com- 
pounds (25%) is obtained, and from this pure dichloroethane may 
readily be separated by fractionation. The trichloroethane prob- 
ably results from the secondary acthm of chlorine on the dichloro- 
ethane, and not from the preliminary formation of vinyl chloride 
rith subsequent addition of chlorine. The le.ss volatile compounds 
are probably chloro-derivatives of polymerides of ethylene. 

VOL. oxvm, i. e e 



i. 706 


ABSTBACTS Off CHEMIOAL PAPEES. 


DicUoroethane behaves towards potassium carbonate in a pre- 
cisely similar manner to dibromoethane, giving ethylene glycol anj 
vinyl chloride, but the action is much slower than with the 
dibromoethane. W. G, 

The Interaction of Ethylene and Sulphuryl Chloride, 
William Foster (Science, 1920, 51, 641 — 642). — At the ordinary 
temperature, no apparent change occurs when ethylene is bubbled 
through sulphuryl chloride. Under certain conditions, not men. 
tinned, on continued passage of the gas the solution becomes 
greenish-yellow, and the temperature rises to a maximum of 
35 — 40°. Then the solution becomes colourless, the temperature 
ialls, and the colour reappears. This cycle is repeated often, each 
time becoming longer and the temperature differences less pro- 
nounced. Some products of the reaction are ethylene dichlotide 
and sulphur dioxide. The subject is still under investigation. 

Chemical Abstracts, 

Preparation and Characterisation of Ethylenehromo 
hydrin. John Head and Eexford George Hook (T., 1920, 117 
1214—1226). 

Preparation of is^Amyl Alcohol by Pasteur's Method. 

Mux Mastin (J. Piumn. Chim., 1920, [vii], 22, 220— 226).— In 
the preparation of the amylsulphuric acids, which is the first step 
in the isolation of pure isoamyl alcohol from fusel oil by tie 
fractional crystallisation of the barium amylsulpbates, the best 
results are obtained with 90 — 91% sulphuric acid (D 1'820 — 1'826), 
using an excess of 15 — 20% above the theoretical quantity. Under 
these conditions, about 60% of the alcohol is esterifled, but as » 
small proportion is apparently converted into the normal sulphate, 
the actual yield of the acid sulphates amounts to about 50— 55!i. 
If a large excess of sulphuric acid is used, considerable difficulties 
are encountered later in the separation of the barium sulphate 
without aiiy adequate compensation in the increased percentage ol 
alcohol esterifled. G. F. M. 

[Reactions and Derivatives of jSyff'-Dichlorodietlijl 
Sulphide.] 0. B. Hblfrich (J. diner. Chem. Soc., 1920, 42, 
1839). — The author states that certain of the physical constants 
(this vol., i, 525) previously given are incorrect. The followiiij 
are the corrected values: Line 24,* read “b. p. 222— 223°/ 21 nrn," 
Line 20,* "m. p. 171°.” Line 17,* "b. p. 17^— 175°/21 mu." 
Line 13,* “b. p. ;''3 — 195°/22 mm.” W. G. 

Catalytic Reduction of Organic Compounds with the 
Aid of Nickel Carbonyl. Rodolp Lessing (D.R.-P. 321938; 
from Chem. Zentr.. 1920, iv, 367).— (1) The catalyst is brouglt 
into action at the moment of decomposition of the nickel carbonyl. 
(2) The nickel carbonyl and hydrogen or gases, which are riches 
in hydrogen than technical water-gas, are brought into contact 
with the substance to be hydrogenated at a suitable temneratuu 

• From bottom. 
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during the whole coarse of hydrogenation. (3) The nickel carbonyl 
is dissolved in the substance under treatment, and the solution is 
injected into a heated vessel, in wHch it comes into contact with 
hydrogen or the hydrogenating agent. 

Hydrogen containing 5—10% of carbon monoxide is used in the 
treatment of oils or fatty acids. The more volatile tar oils 
benzene, etc., are heated to the requisite temperature with 
hydrogen containing nickel carbonyl; the preparation of aniline 
from nitrobenzene is effected similarly. g 


Ketaenolic Desmotropy. XII. The Fractional DistUla- 
tion of Ethyl Aoetoacetate. Kurt H. Meyrr and Viktor 
SCEOELLER (Her. 1920, 53, [H], 1410-1416).-Ethyl acetoacetate 
has been disfalled from a Jena-glass apparatus which had been 
cleaned by being steamed, washed with alcoholic hydrogen chloride 
and dried at 100°. The operation was performed under 2 mm’ 
pressure, and the ester was thus divided into four equal fractions 
and a residue in the flask; the former contained 78% 76% 72% 
and 63%. respectively, of the enolic form, of which o’niy 5% wa°s 
present in the residue. The whole distillate is highly enolised 
whilst an ester richer in the ketonic form remains in the flask’ 
Speaal experiments show that enolisation 'only occurs to a slight 
extent m the vaporous phase, even when this is superheated and 
m contact with glass. The change seems to he mainly located on 
the wal s of the neck of the flask and the column, where the con- 
densed ketone, in boiling, is isomeriaed to the equilibrium ester 
which evolves the more volatile enolic form. Since the desmo- 
tropic change was probably due to the catalytic action of the glass 
the experiment was repeated, using a quartz flask with glass con- 
denaer and receivers; the enolic contents of three fractions and a 
residue, all of equal volume, were 22, 11, 2-5, and 0% respectively 
The mean percentage of enol in distillates and residue combined 
was 8 9%, so that the ester was practically unaSected by the dis- 
tillation,^^ It appears beyond doubt that fractionation under 
aseptic conditions affords the readiest means of isolating the 
pure ketone, and the enolic form may also be isolated by repeated 
distillatiou of larger amounts. (The euoUc content of the various 
fractions is deduced from their refractive indices, a graph showing 
the relationship between the two functions being given in the 
.original.) “ " 


; Methyl benzoylacetate has been similarly distilled from a glass 
task; three successive fractions contained 40, 21 and 20'/„ of fbo 
’'"I pr^nt to the extent of 8% in the residue 
! W In this experiment, it is noteworthy 

that the first drops of the distillate solidified in the condenser a 
tgn ot the presence of the almost pure enolic form. H w! 


Decomposition of the Acid Salts of Dibasic Acids in 

(Her., 1920, 63, [B] 

-IaIT **■ abstracts), 

queous solutions of the potassium hydrogen salts of malonic, 

e e 3 
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succinic, maleic, and fumaric acids have been extracted with ethet_ 
and the amount of acid removed has been determined^ the partition- 
coefficient of the free acids between ether and water has been 
measured under identical conditions. The ethereal solution was 
found to contain about one-thirteenth of the malonic acid ongu,. 
ally present in the acid salt, whilst the corresponding fractions for 
succinic and fiimario acids are one-sixth and one-fifth; further, the 
presence of free acid in the aqueous solution of the hydrogen 
maleate could not be detected. Protracted continuous extraction 
of an aqueous solution of potassium hydrogen suranate by ether 
showed that it is possible to remove nearly the whole of the acid 
portion by this means, but the process becomes very slow towards 
Ae end partly by reason of the diminished concentration of the 
free acid in the aqueous solutlou, but also in consequence of the 
presence of relatively large quantities of normal salt. H. \V. 


The Electi'osynthetic Preparation of re-Tetradecane-ao, 
dicarboxylic Acid. Kahi Srosius and Karl Wiesles (Biochm, 
ZeiUc/i., 1920, 103, 75— 81).— On electrolysing the potassium ethyl 
ester of aselaic acid, ethyl u-tetradecane-oo-dicarboxylate was 
obtained ; 2 C 02 Ef[CH 2 ] 7 -C 02 K = C02Et-[CH2]i4-C02Et -t 2C0jT 

2K. From this the acid was obtained, and found, as expected, to 
be identical with thapsic acid, isolated by Canzoneri from juniper 
berries (A,, 1884, 461). 3- 

The Growth of Crystals of Potassium Sodium Tartrate. 

Mishio Ishimoto (Bi'oc. Phys.-Math. Soc. Japan, 1920, [3], 2, 81j. 
—The crystals of potassium sodium tartrate were obtained from 
the solution by very slow cooling. Successful growth depends on 
the rate of cooling and the evaporation of the liquid. The solution 
was kept in a 2.5-litre thermostat heated electrically. The 
vessel containing the solution was sealed practically air-tight to 
retard the evaporation of the liquid. The solution was prepared 
to be saturated at a temperature between 30° and 32°, and its 
rate of cooling was slow, about 0-2— 0 4° per day. In such a way, 
crystals of 6—7 cm. in length were obtained in two weeks or more. 

Chemical Abstracts. 


Production of Saccharic Acid and Tartaric Acid from 
Carbohydrates. Diamalt Akt.-Ges, (Brit. Pat. 108494).— 
Saccharic and tart 'tic acids are readily obtained by oxidising 
carbohydrates with sulphuric and nitric acids, or sulphuric acid 
and oxides of nitrogen, peroxidised by treatment with air, ozone, 
or oxygen, at a temperature of 100°, in presence of oxidising 
catalysts, particuiai'iy molybdenum, mercury, or platinum. For 
example, 100 paifs of starch are mixed with 150 parts of water 
and 3 parts of sulphuric acid and saccharified. Concentrated 
sulphuric acid (25 parts), nitric acid (D 1'4; 60 parts), and an 
oxide of molybdenum (1 part) are then added, and the reaction 
mixture is maintained at 100°, a further 100 — 140 parts of nit-rk 
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add being gradually introduced. At the end of the operation the 
nitric acid is evaporated, and, after diluting the residual liquor 
mth water the molybdenum is precipitated bv hydrogen sulphide 
and the sulphuric acid and traces of oxalic acid bv lime or baryta 
and saccharic acid separated from the filtrate, after concentration’ 
as potassiurn hydrogen saccharate. The yield amounts to 65% 
If mercury IS used as catalyst, and twice the quantity of nitric 
acid IS added a yield of 60% of potassium hydrogen tartrate, 
fogetner with about 10% of saccharate, is obtained. (J. F, M. 


Mixed Dismutation of Aldehydes. F. F. Nobd (Bwchem 

The reaction between two different 
aldehydes, expressed by the enuationg R*ORO-i-R •PTTn^TT n — 

of ■''n'b d + is' te™d mL 

temutation of a debydes. According to Neuberg’s theory of 

fermentation (Nenberg and Kerb. A., 1914, i, 118b such a reaLn 
may be assumed to take place between the two intermediate pro- 
duefs, methylglvoxal and acetaldehyde, in such a way that pyruvic 
acid and ethyl alcohol are formed until all the sugar is exhausted : 


CH,' 00' 0110 
CH.-CHO 


0 

I 

H, 


CH,-CO-CO,H 
OF, -OK, -OR ■ 


The author has investigated the reactions between the following 
purs of aldehydes in p^resence of aluminium ethoxide as condensing 
aeentj^, (1) acetaldehyde and isovaleraldehyde, (%) fsovaleraldchyde 
and benraldehyde^ and (31 acetaldehvde and hcnr.aldehyde. Tn 
each case, mixed dismutation occurs, the products in case (I) for 
mstance being ethyl acetate, amy! valerate, amyl acetate, and 
ethyl valerate. T H P 

The Dehydroxidation of Aldehydes. Mechanism of 
Oxidation. Erich MOiper [Amahn. 1920, 420 241_‘)61 

mTir^qfVb'’ 1914, ii. 615; Fichter.^A,; 

f f!™ ’’ft’®™ when an alkaline solution 

formaldehyde is electrolysed with a conper anode, equal volumes 
thTdrogen arc initially evolved from either nole, but the evoln- 
on from the anode gradually ceases as the electrolvsis proceeds • 

rlienthranoT‘ '*'^^V’’‘f Period 

ten 0 , 10 ^ 'ir / with 

Td iim f siiksennentlv cathodicallv reduced in 

dnim hydroxide solution, or of silver foil which has been treated 

c t^n mrp-''- iP the presence 

1 crtain metallic oxides, of which ennrous and cupric oxides as 

wsrte ™ investigated; in these 

"ended t t u Tl’P PPaction has been 

O becone r, • e ’’PP^'^^ehyde, which are also found 

fbcLr f ® PP''P®spoP<iin,g acid and gaseous hvdrogen. 

>f formawir^®” ®™ JZ from alkaline Solutions 

ehyde m the presence of certain metals and in the 
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absence of particular oxidising agents; these metals also catalytic, 
ally accelerate the Cannizzaro reaction. 

The mechanism of oxidation is represented by the folding 
scheme : 




0 + H* 
OH 


+ R-C<' 


OH 


Aldehyde. 


0-Aldehydc. 

!■" 

+H -> ir. 


+ H- 


in which F is the charge induced by tlie electric current or by an 
oxidising agent. The primary product of the oxidation of an 
aldehyde is the corresponding 0-aldehyde; dehydroxidation occms 
if this is more readily oxidised according to III than in acoordaiict 
with II. Conversion of aldehyde into acid without evolution ol 
hydrogen may occur along the lines I and II, or I, III, and ly. 
Whether or not hydrogen is evolved during the oxidation of tie 
aldehyde in the presence of catalysts depends on whether the latter 
accelerate III more than IV. H. W, 


Quantitative Investigation of Cannizzaro's Reaction ii 
the Condensation of Acetaldehyde by Aqueous Alkalis, 

Harald Hammarsten { Antiden , 1930 , 420, 262 — 275),— Hi 
investigation forms part of a biochemical study of the function oi 
acetaldehyde in plants. Tinder the action of aqueous alkali, tli 
aldehyde is decomposed into alcohol and acid, into aldol uJ 
aldehyde resin. The first and third types of action are cHefe 
described in the present communication. 

The experiments were carried out wil^i fV/ 2 aqueous acet- 
aldehyde solution at 0“ 18°, and 50° respectively. The bases iistJ 
were the hydroxides of potassium, barium, calcium, and lead. Ii 
addition, buffer solutions prepared from the di- and morn 
hydrogen phosphates of potassium and sodium, and from boratr 
and sodium hydroxide, were also employed. In the case of tli 
alkali hydroxide solutions, the amount of acid formed was estimated 
by titration of the resulting solution with acid in the presence si 
phenolphthalein , with the buffer mixtures, the solutions nri 
strongly acidified with phosphoric acid, distilled to syrupy co> 
sislency, and subsequently treated with steam until all acetic acii 
was removed, the latter being then titrated in the combined ft 
tillate. Aldehyde resin was estimated by extraction of the sola 
tions with chloroform, evaporation of the'latter, and desiccationii 
the residue at 120°/]0 mm. until constant in weight. 

The results are given in an extended series of tables. It f 
found that the aldol condensation proceeds at a relatively mud 
greater rate than the Cannizzaro reaction, the former taking pls« 
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so rapidly tliat it is impossible for any considerable amounts of 
alcohol or acid to be formed. The maximum production of acid 
observed during the whole course of the experiments is only 12'5% 
of that theoretically possible. H. W. 

Additive Cfcmpounda of the Acetylacetone Derivatives of 
he Bar® Earths. G. Jantsoh and K. Meyer {Ber,, 1920, 53, [B], 
I577_1587. Compare Biltz and Clinch, A., 1904, i, 716.)— A series 
jf additive compounds of the acetylacetone derivatives of the rare 
jarths with ammonia, aniline, and pyridine has been investigated in 
the hope that a convenient chemical means of separating these 
jlements might be found in their internally complex .salts or their 
idditive compounds. This does not, however, appear to be the case. 
The compounds which are described are considered to be constituted 
according to the annexed general 

;70'CMe \ formula. 

JI<' . . . R Lanthanum acetylacetone, m. p. 

VOICMe ^ 151° (Biltz, loc. cit., gives 183°), com- 

bines with a molecule of ammonia, 
pyridine, or aniline, respectively, to yield compovnds, colourless 
needles, m. p. 147'5°, slender, colourless needles, m. p. 142°, and 
colourless, silky needles, m. p. 192°. Lanthanum dihtmoyl- 
methane, pale yellow, shining needles, m. p. 141 — 143°, is obtained 
by the action of dibenzoylmethane on a suspension of lanthanum 
hydroxide in boiling ethyl alcohol ; it combines with a molecule of 
ammonia, yielding a substance, pale yellow, slender needles, m. p. 
99°, which rapidly loses the whole of the ammonia on exposure to 
air. Gadolinium acetylacetone is isolated in the form of the 
iihydrate, which, when crystallised from absolute alcohol, passes 
iato the monohydrate, colourless, transparent needles, m. p, 142°; 
the pyridine compound, Gd(C.H; 0 .i') 3 .C;H 5 N, forms colourless 
needles, m, p. 139'5°. Ttirimn acetylacetone, colourless, trans- 
parent, pointed needles, m. p. 131°, is prepared in the same manner 
as the lanthanum salt, than which it is considerably more stable ; 
the compounds with ammonia, pyridine, aniline, and acetonitrile 
form colourless needles, m. p. 129°, slender, shining needles, m. p. 
121°, small needles, m, p. 109°, and colourless, fatty crystals, m. p. 
138°; the first- and last-named compounds are somewhat unstable. 
Yttrium dibemoylm ethane forms long, yellow, shining needles, 
m. p. 240°; it does not appear to yield additive compounds with 
ammonia, pyridine, aniline, or acetonitrile. H. W. 

Mutarotation of Dextrose in Alkaline Solution. Hans 
Mubschhacsek {Biochem. Zeitsch., 1920, 106, 23 — 36). — The 
author has measured the velocities of disappearance of the muta- 
rotation of dextrose in distilled water and in A/ 10 — .A /7000- 
sodium carbonate solutions, all the measurements being carried 
out at 20’4°. The values of the velocity constant of the change 
of mutarotation for different concentrations of sodium carbonate 
are: water, 7-U; A/7000, 7-32; A/fiOOO, 9-32; A/fiOOO, 12-70; 
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^/ 2000 , 24 .; 

almost exactly a straight hne ^vhen 

trations of tlie alkali (compare Os , ^ ^ p 

TTiP <?tabilitv oJ a-Dextrose. Hass vox Euler Md Aevid 
yM, 1920, 107, 150-lf8).-The H-ioa 

UEDELTLS ^ maximum stability in the muta- 

conccntration =3-6 + 0-2. The temperature-coefficient 

“n imi — - 


= 5. 


. a- „ tUo rarhonates ol the Alkaline Earths on 
Dextrose III Haxs Mursouhauser (Biochem. Zeit^h., 1919, 
101 74--81. Compare this vel., i. 13, 662).-As in the case of 
calcium carbonate, strontium carbonate, barium carbonate., ana 
magnesium carbonate when boiled with a solution of dextrose, 
3 ally reduce the dextrorotation of the solution to zero or o 
sUeht Isevorotation. The reduction of the sugar also falls but te 
Tsma ler extent than the rotation. The formation of tevu ose 
is eTtahlished by the isolation of the phenylmethylosazone of tins 
ug« f om the treated solution. The fall m the reduction ,s 
asorlLd to the formation of acids. The velocity of the change n. 
?re rotation is proportional to the equivalent weights of therms, 
solved substances. i. . . . 

Bate of Hydrolysis of Phosphoric Esters of Sugar 
Dwivatives. P. A. Levene and M. Yamauaw.a (J. Biol Chem.. 
1920 43, 323 — 338).— There is much evidence that the ester 
derivatives of sugar may show considerable differences m the rate 
at S they are hydrolysed. The substances studied m tin 
work were the phosphoric esters of ( 1 ) a-methylglucoside; 
(2) gye-triraethyl methylglucoside; (3) a- 0-, y-, 
glucose; ( 4 ) u.d-monoacetone-glucose ; (,o) a phosphorm acid este of 
?he same^ugar derivative as in (4), but differing - he posihca 
of the acid radicle; ( 6 ) e;-benzoyl-a 0 -monoacetone-glucose. Tk 
position of the phosphoric acid in the first compound is not knom , 
Lt in ( 2 ) and ( 3 ) it is attached to the same carbon atom so tta. 
these two compLnds differ only in the nature of the substitueii 
group The fourth substance is formed as a by-product by t . 
Ltion of phosphoryl chloride on diacetone-glucose, and apparenth 
contains the pLsuhoric acid radicle attached to a primary aboh 
grouping whereas the fifth substance is prepared by the action o 
phosphoryl chloride on monoacetone-glucosc and contains 
Uosphoric acid linked to a secondary alcohol group. The siM 
kbstance differs from the preceding two by containing the 
phoric acid in a different position, by the number of the si> 
stituting groups, and by the difference in cliaracter of one ot ttic.f 

hydrolysis ot these six substances was studied in apF“,’“’; 
ately equivalent concentration, which was In the neighbourhoo o 
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10%. 'Tl'® oondilion of hydrolysis consisted, of treatment with 

0 'l*V-snlphuric acid at 100^. The rate of hydrolysis followed the 
uniinolecular law, and the following constants were obtained: 
A-, 2:1(10-^); 43(10-“); K„ 56(10-“); A',, 44(10““); 

A-;, o8(10-“); A'e, 18(10““). 

These results indicate tnat both the position of the phosphoric 
acid radicle and the character of the substituent groups exert an 
influence on the stability of the ester linking. J. C. D. 

Crystalline Chlorotetra-acetyUaevulose and Related 
Derivatives. D. H. Dkauns [J. Aimr. Oiiem. Hoc., 1620, 42, 
1346 — i8o4). — /S-Penta-acetyllmvulose, when shaken in chloroform 
solution with aluminium chloride and phosphorus peutachloride, 
gives MarnUtrurOcetyllaevuloH, m. p. 83°, [a]? -160'9°, which 
slowly decomposes iu the air, giving letra-acetyUsevulose. By its 
general behaviour it is probable that this compound is an a-deriv- 
ative. A better yield of the compound is obtained if the tetra- 
acetate is used instead of the penta acetate, whilst if alumiuium 
chloride is omitted in the preparation, the main product is ^-chloro- 
ieim-aeUyllaevulose, m. p, 108°, [ojg’ +4o'3°. On ethylation, 
tetra-aoetyllKvulose gives ^■ethylUtra-acetyilaevulune, m. p. 83°, 
[a]o ^-Ethyl laevulostde, m. p. 151°, [ajo -156'3°, was 
obtained by the process previously described for ^-methyl lEcvuloside 
(compare A., 1916, i, 547). Attempts to prepare a-methyl 
iicvuloside by a biochemical method or by Fischer’s method 
(compare A., 1895, ii, 553) were not successful. W. G. 

Action of Difierent Catalysts on the Combustion of 
Burning Sucrose. J. Akviu Ukovall [Svemk. Km. Tidskr., 
1920, 32 , 99 — 103; from Vkem. Ze.ntr., 1920, iii, 337 — 338). — 
The author has extended the observations of Schade [ildnch. nitd. 
ll'cicA., 1905, i, 1088) ou the combustion of pieces of sucrose in 
air by distinguishing between the burning without formation of 
residue and that with the production of a porous mass, and by ex- 
amining the effect of a large number of catalysts. The type of com- 
bustion first named is caused by strongly basic oxides and hydr- 
oxides, by certain oxides which are known to form complex organic 
compounds or to yield higher oxides transitorily, and by certain 
free metals. The formation of a residue occurs iu the presence 
of free halogens, halogen hydracids, sulphuric acid, and certain 
other acids, and of many normal salts. II, W. 

The Chemistry of Polysaccharides. The Preparation of 
Pure Polysaccharides, The Mode of Action of Diastatic 
Enzymes and the Dextrin Stage of Polysaccharides. 

E. Hehzfeld and R. Klingek {Bwchem. ZeitscL, 1920, 107, 
268 — 294). — Pure starch was prepared by digesting fresh, plant 
tissue with 33% sodium hydroxide on the water-bath, and by pre- 
cipitating with 90% alcohol after centrifuging off the insoluble 
constituents. The precipitate was dissolved in water and repre- 
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dDitated witk 90% alcohol, this beiiig repeated twice; ib was finally 
capium Wim ^ precipitated again with 

neutralised with ““ Imoloyed in the treatment ot 

alcohol. The obtained by centrifuging the pro- 

yeast “f .j „f the yeast with the alkali was treated 

duct from the first digestion ottnej^^^ ^ 

si -- I'"” 1; ‘“w- 

“ll"' '.fa S; 

“wYned^bv digesting minced liver with 33% sodium hydroxide, 
fnd Tas p^ifi I £ precipitation with alcohol. The properties of 

the polysLcharides'prepaLd by the ^!>“7 “f “^n" oT dttt 

The theory of the iodine reaction and of the action of diastatic 
enzymes as explained from considerations of the condition of ths 
dlp^sed oolloFdal particles of the polysaccharides is discn«d^ 


A Compound of Starch with Phosphors Acid. Johahes 
Kerb (aiWiem. ZeiUch., 1919, 100, 3-14).-Starch was ^terified 
with phosphoric acid by treating a soluble preparation with a soh. 
Ln of phosphoryl chloride in chloroform in the presence of calcium 
Lrbonate. The calcium salt of the amylophosphoric acid was 
precipitated with alcohol from the concentrated solution and 
purified. By means of diastatic cleayage, hexose monophosphonc 
Lid was obtained from the compound in the form of a calcium 
salt. The latter substance was fermented by yeast. b. h. L. 


Preparation and Properties of a Highly-oxidised CelMose. 

Edmund Kneckt and I.eonard Thompson (J . Soc. Dytn and Col., 
1920, 36, 251 — 255). — An improved method for preparing oxycellu- 
lose is carried out by t.reating filter paper with an add solution of 
potassium permanganate (either one or two atoms of oxygen for 
each molecule of cellulose— CjH.oOs), washing the brown, disinte 
grated powder so formed, decolorising with hydrogen peroxide, 
and drying at 40“. In the stronger oxidation, the aldehyde group 
in the oxvoelluloBe is not atUcked. The method avoids the deem- 
position of oxycellulose by alkalis into non-reducing substances 
and its hydrolysis by acids. The so-formed oxycellulose gives an 
intense yellow colour with sodium hydroxide, and, on neutralisa- 
tion, an acid cellulose having only slight reducing power is formed. 
It forms hydrazones with phenylhydrazine and p-nitrophenyl- 
hydrazine. On reduction, oxycellulose does not yield cellulose. 

When kept for one day with cold 0-880 ammonia solution, a 
gelatinous mass is formed, which retains various amounts of 
ammonia on washing. Probably an unstable aldehyde-ammonia 
is formed. Oxycellulose does not react with aniline, but witi 
hydrazine hydrate, hydroxylamine, and hydrogen cyanide it give 
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iadefinite compounds containing nitrogen. It reacts with sodium 
hydrogen sulphite solution. 

Oxycellulose exerts its strongest reducing power in alkaline 
solution, and reduces solutions of cupric, silver and ferric salts. 
In the presence of sodium hydroxide, it readily reduces methylene- 
blue, safranine, roainduline, indanthren, and indigotin. 

It is not possible to estimate oxycellulose by means of its reac- 
tion with p-nitrophenylhydrazine, since absorption compounds are 

formed. 

The new oxycellulo.se had a copper number of 14'2, as compared 
with 7'6 lor Nastjukov s bleaching powder-oxycelluloee. 

A, J. H. 


Picrates of the Nitrogen Bases of the Alcohol Radicles 

A. Rm (ZettMh. Kryst. Mtn., 1920, 55, 454—522. Compare T.‘ 
1909, 95, 1275.)— Detailed crystallographic and optical data are 
given for thirty-one compounds, ranging from methylammonium 
Jiicrate to tetra-n-propylammonium picrate. Many are dimorphous 
or trimorpnous, whilst trimethyh.wpropylammoniura picrate is 
telramorphous, and trimethyhsobutylammonium picrate is penta- 
iiiorphous, namely, (1) monoclinic, D“ 1-378; (2) triclinic 
D'5 1-378; (3) monoclinic-domatic, D>5 1-419; (4) triclinic prob- 
ably asymmetric, Di5 1-377; (5) hexagonal, Dis 1-377, Many are 
hexagonal or pseudo-hexagoiial, or with prism-angles approaching 

L. J. S. 


Certain New Transformations of Ethylenediamine. 

IViLHELM Teaube and Elts.abeth Peises {Ber., 1920, 53, r7J-|' 
1501— 1608).— Aminoethylamiuosulphonic acid (Traube ’ and 

Brehmer, A., 1919, i, 434) has been converted into the correspond- 
ing nitroso-derivative, by the decomposition of which a series of 
hydroxy-, allfyloxy-, and halogeno-ethylamines has been prepared 
A well-cooled solution of j8-aminoethylaminosulphonio acid in 
water is mixed with an aqueous solution of sodium nitrite and 
subsequently acidified with dilute sulphuric acid, when P-araino- 

ithylnitrosoaminosulphonk acid, separates in 

well-defined crystals, whicli are extremely explosive* when dry (the 
moist preparations are used in the following experiments). The 
acid decomposes quantitatively in boiling aqueous solution in 
accordance with the equation NH2-CH,-CH2-N(N0)-S03H -i H20 = 
^^H2‘CH2-CH2-0H-f-N2 + H2S04, and the jS-aminoethyl alcohol was 
identified as the picrate, m. p. 159°, and picrolonate, m, p. 225° 
(decomp.). Concentrated hydrochloric acid converts’ the nitroso- 
"cid into ^-chloroethylamine (the sulphate was analysed), whilst 
ydrobromic acid acts with such violence that explosions readily 
™r, and gives ;3-bromoethy!amine. B-Fhwroethylamine, 
btaiued by treatment of the nitroso-acid with 40% hydrofluoric 
Old, evaporation of the solution, and distillation of the residue 
'fill steam after addition of an excess of alkali, has a strong odour 

e e* 2 
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I ;= ^kfiiipuished from the remaining halogeuo- 

: h:“rn::b tie mutg-ter nrmness with which the halogen 

atom S retained The hydroMor>dc, hydrohromide, mtraU 

atom IS retaine a characteristic by reason of 

TeirTSosTo^lir^ -d7 

Tof mm IS prepared from the nitroso-acid and boiling absolute 
methyl alcohol- the hydrochloride, hygroscopic crptals and the 
XoLna yellow needles, m. p. 235°, are described. ^-Amino. 
diethyl ether (picrolonate. m. p. 204°) is prepared in a similar 
i Z d-Aminoethyl methyl ether hydrochloride is transformed 
r potassium cyanate solution into P-curbamidoethyl methyl ahr 
Z rZiH-riT -('H -OMe m. p. 63° after softening at 61°, 
NHj-CO Ml Clls 2 - ) reacts with phenylcarbimide to 
The aqueous solution of tne base reams wisu p j fij 

ffivG ‘u^emdcarhainidocthyl methyl ether, m. p. • * 

^hyftp-opyl ether was isolated in the form o 
yellow, prismatic crystals, m. p. 188°, when rapidly heated. 

The action of ph4ol on d-aminoethylnitrosoaminosulphomc acta 
leads to the formation of /3-aminoethyl hydrogen sulphatynstead 
of the expected aminoethyl phenyl ether. ti. 'V, 

Aikvlimidodisulphonic. Acids. Wilhelm Tkauee and lUs 
WOLEF IBer., 1920 53, [/7j, 1493-15011.-The invesUgatron « 
alkylation of ’basic potassium hydroxylammedisulphcnae 
(Traube,^ Ohleudurf, and Zander, this vol i, 717) W b«ii 
extended to basic potassium imidodisulphonate, NK(S 03 hl; 
which shows a somewhat similar behaviour, particularly towaidi 
the more active alkylatiug agents; with substances such as propy. 
iodide and benzyl chloride, the process is slower, the yields aie 
poorer and the products are mixed with potassi urn imidodi- 

Llpho’nate. The cause of 'ies^™ H O°-‘nH(S 0 
salt in aqueous solution, Nh.(fe03k)2H.H20 - NH(b 5 
KOH, and the dual nature of the process, which 
alkylation of the basic salt and the decomposition “f 
haloid by free alkali; if the first process bv“ 

is comparatively rapid, equilibrium is so far disturbed by - 
removal of the alkali hydro.xide that the normal salt s larg 
icgenerated. Attempts to overcome this difficulty by working 
concentrated solutions have not been particnlarly 
potassium atkylimidodisulphonates are readily decomp^ 
dilute acid into alkylamidosulpihonates, winch are then 
converted into the corresponding primary amines. 

Basic potassium imidodisulphonate is readily transforme 
methyl sulphate or methyl iodide into -poiasmim methyhmm> 
sulphonate, NJlc(S03K)2, shining leaflets (the lead, siher » 
barium salts dissolve freely in water), which is converted y 
dilute sulphuric acid into potassium rnethylamidosidphonm 
NHMe-SOjK, and by 25% hydrochloric ““d “ito methyla 
hydrochlorido, the yield of the latter being 88% of that 
ally possible. Similarly, 'potasnum efl>ylim.i(lod>sulfhoua e. 



ORGANIC CHEMISTRY. 


i. 717 


needles, is converted into ethylamine (yield, 64%) and potassium 
jiropyhmtdodtsulphonate, long,, sliming needles, into propylamine 
(yield about 40%). Potassium epihjdrinaminedisulphonate is 
freely soluble in water. 

Potassium ethylenediamin.e-'N'N'-tetrasulphonate 

C,H,[N(S 03 K)„],. 

small needles, is characterised by its sparing solubility in water 
100 C.C. of which di^lves only 0-2372 gram at the laboratory 
temperature (the hanum dipotassinm salt is practically insoluble 
in water). It is readily converted into potassium ethylmediamine- 
m'-d’sulpharmte, rectangular platelets, from which the corre- 
sponding free actd, shining leaflets, is obtained by means of per- 
chloric acid, and, further, into ethylenediaminc sulphate, the yield 
of the latter being 83% of that theoretically possible. ' H. W. 

A New Method for Producing Hexamethylenetetramine. 

Th, S.4.nAllTSCHKA (Zeifsch. angetv. Chem,., 1920, 33, 217), The 

formation of hexamethylenetetramine occurs, not only by the inter- 
action of formaldehyde and free ammonia or ammonium carbonate 
but also when a neutral ammonium salt, such as ammonium 
chloride, is employed in the absence of any alkali whatever, The 
quantitative aspect of the reaction in this case has not yet been 
investigated. 

The Preparation of o-Derivatives of Hvdroxylamine by 
means of Potassium Hydroxylaminedisulphonate. a-Methyl- 
hydroxylamine and <.a-Ethylenedihydroxylamine, Wimelm 
Tb.iube, IIeinhicii Oni-ENnoRF, and Herbert Zander (Ber. 
1920, 53. [5], 1477 1492). — Potassium a-methyikydroTyJamine- 
fi!3-d{sulphonat(, pMe-N(SO.K_).„ is readily obtained by' shaking 
in aqueous solution of potassium hydroxylaminedisulphonate in 
■he presence of that quantity of potassinni hydroxide which is 
•equired to form the basic salt. OK-N(SO.K)c, with methyl iodide, 
)r, more rapidly, with methyl sulphate (the corresponding lead 
Sarimn, and silver salts are freely soluble in water), and is con- 
.-erted by being heated for a moment with dilute sulphuric acid 
.nto o.-methylhydroj.ylamine-B-sulphonic acid, hygroscopic syrup, 
ffhmh is most readily isolated in the form of its potassium salt’ 
well-formed pearly plates (the barium salt, long, transparent 
prisms, + IH.,0, was analysed ; the had and silver salts are freely 
soluble in water). Protracted action of boiling sulphuric or hvdri- 
rhlonc and on potassium metbylhydroxylaminedisulphonate causes 
the elirnination of both sulphonic groups and the formation of 
cmethylhydroTylamiTie, which is most readily isolated by adding 
an excess of alkali to the product of the action and distillation of 
he mixture with steam; the free base, b. p. 49—50°, is a colour- 
lass, mobile liquid wutb an amine-like odour. It reduces 
amraoniacal silver solution, but not Febling’s solution, at the 
ordinary temperature. The normal sulphate, m. p. 144“, the 
S’lrotf, large, transparent prisms, which detonate violently at 
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about 300°, and the pcrate, m. p. 175°, are described. The base 
reacts with benzaldehyde to yield 9.xi.i\-henzaldoxime O-methyi 
ether, b. p. 191°, and with alloxan to give jnethtjl violuratt, p 
258—265°; it is converted by an aqueous solution of potassium 
cyanate into metkoxycarbamide, m. p- 82 — 83°, by phenylthiocarb- 

imide into '^•'phcnyl-W-rfieihoxythwcarbamide, m. p. 116°, and by 
ethyl chloroformate into methoxyurethane, colourless oil, b. p, 
186 — 188°. It combines with carbon disulphide to yield the very 
unstable mlt, OMe‘NH5,HS*CS*NH‘OMe, which was analysed in 
the form of the corresponding silver compound, C2H50NS2Ag2, 
intensely yellow precipitate, which decomposes above 40°. 

Potassium etkylhydroxylaminednvd'phQn.ate, well-formed clusters 
of needles, is considerably more slowly formed from basic potassium 
hydroxylaminedisulphonate than is the corresponding methyl 
derivative, and is converted successively into ‘potassium ethyl 
hydroxylaminemonosulphortate, shining needles, readily soluble in 
water (the free acid is hygroscopic!, and etbylbydroxylaraine 
hydrochloride, m. p. 126°. Epichlorohydrin and the basic 
sulphonato yield poiimiinn epihydrinhydroxylaminedisulphonat?^ 

^CH*CH2'0*N(S03K)2, six-sided platelets. Similarly, 

ethylene dibromide gives potassium aa^-ethylenedihydroxylamint- 
tetrasulphonate, ; the corresponding silver and 

had salts are freely soluble in water, but a mixed potassium barium 
salt dissolves more sparingly. The tetrasulphonate is transformed 
successively into the very soluble potassium aaJ-ethylentdihydroxyl 
aminedisulphonate and into aa'-ethyhnedihidfoxylamine, 

NHo-O-CH^-CHo-O-NHj, 

colourless liquid with a faint odour, b. p. 203°/atinospheric 
pressure (frequently accompanied by violent explosion), 105°j 
23 mm. It is only feebly alkaline in aqueous solution. The 
following derivatives are described: sulphate, in. p. 260°, which 
has an acid reaction in aqueous solution; hydroehloridt, m. p. 233'^; 
nitrate, m. p, 124°, which detonates when heated above its melt- 
ing point; hhcarhamidej CoTT4(0*NH*CO’NH2)o, colourless 
crystals, m. p. 190°; hisphenylthiocarhamide, 

c,H4(o-Nn-cs-Nnph)2, 

m, p. 119°. 

Basic potassium hydroxylaminedisulphonate reacts comparatively 
rapidly with benzenesulphonyl chloride, potassiftm henzenesulph- 
hydroxytaminedisui' .honaUj S0aPh*0*N(S03K)2, needles, moder- 
ately soluble in water bring formed. 

The action of cyanogen bromide or iodide on basic potassium 
hydroxylaminedisulphonate results in the formation of yjotossiuf'i 
iminocarhonyldHiydroxylaminetetrasulphonate, 
nh:c[0'N(S03K)2\, 

small needles ( -f 21120) ; this salt is invariably produced when one 
molecular pioportiou of the cyanogen haloid is mixed with one or 
two molecular proportions of the salt, and appears to be formed 
by the condensation of a molecule of potassium cyanohydroxyl- 
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aininedisulplionate primarily produced with a further molecule of 
the basic salt. H. W. 

Action of Diazomethane on Amino-acids. J. Heezis and 
Kaeu Landsteineb {Biochem. Zeitsch., 1920, 105, 111—114).— 
Xbe results of further experiments by Schuster (compare A., 1914, 
i, 753) show that Geake and Nierenstein's supposed proof of the 
betaine structure of the amino-acids (A., 1914, i, 1057) cannot be 
accepted as of general validity. 

When glycine is treated with diazomethane, most of the former 
remains undissolved, the methoxyl value of the dissolved part 
being almost zero, and estimation of methylimide group giving 
a value only sHghtly above that obtained with glycine alone. 
Hippuric acid is converted mostly into the methyl ester. With 
alanine, which mostly remains uudissolvcd, the soluble part con- 
tains 3'79% of methoxyl group. Phenylalanine and diazomethane 
yield an oil of the composition CH.,Ph-CH(NHMe)'C02Me. These 
results and those obtained with leucine, glutamic acid, and tyrosine 
show that with only the two lowest amino-acids, glycine and 
alanine, diazomethane effects virtually no substitution, and that 
in either case introduction of a negative group into the molecule 
enhances the reactivity towards diazomethane. With the other 
amino-acids examined, a distinction must be made between sub- 
ititution of the hydrogen of the carboxyl and amino-groups; 
(ubstitution is almost complete in the former group, and takes 
place only with difficulty in the latter. The presence of free amino- 
acid is rendered probable by the reactivity of the carboxyl group, 
entry of the methyl residue at the nitrogen being possibly hindered 
by other unknown factors. According to Geake and Nierenstein’s 
new, that absence of reactivity towards diazomethane in ethereal 
suspension constitutes a proof of the betaine structure of an amino- 
acid, such structure can be ascribed only to glycine and possibly 
to alanine, equilibrium between the betaine form and the ordinary 
form being assumed in other cases. The accuracy of Geake and 
Nierenstein’s view is supported by the behaviour of glutamic acid. 

T. H. P. 

Syntheses of |3-Amino-acids from Substituted Ammonium 
Malonates and Formaldehyde. C. Mannioh and B. Kather 
( flee., 1920, 53, 1368 — 1371). — The action of formaldehyde 

oa aqueous solutions of the salts of malonic acid and amines leads 
to the formation of B-amino-acids. in accordance with the equation 
CO,H-CHE-CO,H + NBo'H -p CH,(OH),= 

c 6 ;H-CR(Cn,-NRj')-CO,H + 2H2O. 

Tie reaction is most successfully applied to monoalkylmalonic acids 
and secondary amines, since, in this case, each component only 
contains one replaceable hydrogen atom, and action can only 
proceed in one direction. Malonic acid contains two and ammonia 
three hydrogen atoms, all of which can react with formaldehyde, so 
that the pr^uct of the diange is too complex to permit the isola- 
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tion of iodivitfna! siibstaoces. In the condensation, the nitrojej 
atom invariablv ocmipies the /3-position to the carboxyl group. 'Jjjj 
action of heat on the j3-aminodibasic acid results, in general 
the loss of carbon dioxide and amine, and the formation of an 
unsaturated acid. 

w -Dime f hylnmin odim ethyl mnlenic af-id, 

CO,H-CMe(CH„-NM6,)-CO,H, 

from methylmalonic acid, dimethvlamine, and formaldehyde, for® 
small prisms, m. p. about 98° (decomp.), and is decomposed b 
heat into carbon dioxide, dimethylamine, and raethylacrylic acid 
M efhvjmivohisdiinethvlmnfonie fieid. 

(0O,TI),0hfe-CH,-NMe-CH.,-CMe(CO,H),, 
decomposes, with evolution of gas, at 8,3 — 84°, and cannot be pre 
served indefinitely at the ordinary temperature; it yields methvl 
acrylic acid when heated. RB'-Tetramethi/ldiamincAmhuti/rie 
(from malonic acid, dimethylamine, and formaldehyde), needles 
m. p. 139°, forms a dih/droehdoride. slender needles, m. p, I555 
which gives a sparingly soluble double salt with mercuric chloride 
Formaldehyde and methykmm.onium malonate vield a eompler 
mixture, from which au anrirhloride, C^HjcOeNAuClj, was isolated 
with difficulty. " Hi? 


The Preparation of Guanidine by the Interaction ol 
Bicyanodi amide and Ammonium Thiocyanate. E,,,, 
Ar.PHONsF Webner and J.smes Bet.t, (T., 1920, 117, 1133_ii,35j 

Fixation of Labile, Hydrated Forms by means of Mercurit, 
Cyanide. G. Scagliarisi and E. Bonini {Gazzetla, 1920 60 
ii, 114— 117).— Treatment of cobalt or nickel sulphate solution' witi 
mercuric cyanide solution yields the isomorphous double subhats. 
CoSO,„Hg(CN).,,10H,,O and NiSO,.Hg(CN).,10H,O, the forrasr 
orange-red and the latter grecnish-hlue. By similar procedure tip 
salts. Co(N03)„Fg(CN).;,6H,,0 and Ni(NO;,),.ng(CN),„6n.,0, rnsv 
be obtained. When the complex cohalt sulphate is electrolysed is 
aqueous solution, the mercuric cyanide migrates to the cathode 
and must hence be united, partly at least, to the cobalt atom (com- 
pare Kurnakov, A., 1898, ii, 475; Earbieri and Calzolari A 1911 
I, 184, 266, 268). ^ ^ p 

Mercury Derivatives of Ethylene, W. Manohot and Aethui 
Klcg {Anmhn, 1920. 420, 170-190).-The mercuration o( 
ethylene has been described by Hofmann and Sand in a series of 
communications d-ring the years 1900 and 1901, as the final result 
of w.bich they are led to consider that two types of substances an 
produceii to which they assign the formulae OH-CH,-CH,-HgX and 
X'Hg-CHj-CRyO-OTH-CHj-HgX respectively. It has bf«n shown, 
owever, a the inerciirated derivatives of acetylene are to be 
regarded as true acetylene derivatives (Manchot and Haas, A., 1913. 
1, it)09; Manchot and MShrlein, A,, 1919, i, U5), and arguments 
are now advanced in favour of regarding the ethylenic compmincls 
as additive substances, C,H„HgX-OH and 2C.,H,,OfHgX),. 

..0 maun and Sand’s formula does not readily explain why their 
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i^mpound is immediately decomposed by halogen acids with the 
violent evolution of acetylene, whereas it is stable towards other 
acids. According to the authors’ experiments, a similar result is 
produced by the addition of potassium cyanide or potassium thio- 
cyanate in the presence of acid. In general, the reaction is caused 
by all those substances which combine with mercuric haloids to yield 
additive compounds of the type HgC!l„,2HCl, and may be expressed 
by the equations : CoH^-OH-HgCI -t HCl C..Hj,HgCl, + H,0 and 
CjHj.HgCl, -t 2HC1 — HgCl,,2HCl -r Coll,. In support of this 
hypothesis, it is shown that compounds of the type ■FrgX:,,2HX can 
be isolated, although with some difficulty, and that the most char- 
acteristic substance of this class is Hg(SCN)5,2HSCN, and further 
that aqueous solutions of mercuric chloride readily absorb ethylene 
with ultimate disappearance of the ionic reactions of mercurv, and 
that the absorption is very much less marker! when hydrochloric 
acid is added to the mercuric chloride solution. Further, as is 
to be expected from the equation CjHj.OII-HgCl-i-NaCl ~ 
aHj.HgClo-bNaOH, decomposition of the additive compound can 
be effected by tbe addition of alkali haloids, but, in consequence of 
the back action, the effect is not very marked, and is most noticeable 
when potassium thiocyanate is employe '. 

It has been observed previously by Sand that the complex, 
CjHj.Hgt’OH)', behaves as a univalent radicle, and, in this con- 
nexion, the dichromiite. rC»Tf..TI?('0H’)I,Cr507, has now been pre- 
uared. The free huso, [C.H,,Hg('OH)]*OH, has also been isolated 
by the action of moist silver oxide on the corresponding bromide 
as a viscous ma,ss which freely evolves ethylene on treatment with 
hydrochloric acid fthe ■phtiniehlnride. rC,,H,,Hg('OH')]nPtCh, 511,0, 
was analysed). Contrary to the statement of Sand, the he.nzovl 
derivative, C.,H,,Hg('OB7)T, evolves ethylene when treated with 
hydrochloric acid, the comparative slowness of the action being 
due to the iusoluhility of the substance. 

The decomposition of mercurated ethylene compounds by iodine 
is readily explained by the additive formula: the primary action 
consists in the displacement of oxygen by iodine (which is in accord- 
ance with the well-known properties of mercury salts), followed by 
addition of oxygen at the double bond, thus yielding CTTJ'CH,-0H 
and 0(CH,-CnoI)2 respectively. The action of alkyl iodide lends 
further support to the additive hypothesis: according to Sand’s 
formulation, the ethanol derivative, HO'CH.,-CH,'HgI should yield 
propyl alcohol when treated with methyl iodide, whereas it actually 
gives methyl alcohol, ethylene, and mercuric iodide. Similarly, the 
ellivl ether mercuri-salts yield ethvlene in abundance when heated 
with methyl iodide at 110°, 2 Cji,,HgT- 0 -TTgI-b 2 nH 3 T = 2C.TT,+ 
2IIgI, + (CH3),0. ' ■ ■ H. W. 

Relations between the Constitution and Physical Pro- 
perties of Hydroaromatic Compounds. K, vox Aowf.rs 
{Anmhn, 1920, 420. 84—111. Compare A., 1916, i, 130—131).— 
The present communication is mainly devoted to the ei/cfohexanes, 
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Since it is quite possible that stereoisomerio forms of these may be 
obtained according to the method of operation, they have in general 
been prepared according to a uniform scheme which starts from 
the requisite cyc^ohexanol obtained by Sabatier’s method. The 
secondary cyc^ohexanols are converted into the iodides, and these 
are reduced to the hydrocarbons in accordance with Zelinski’s 
method. The process is not readily applioable to tertiary cyc/o. 
hexanols, since unsaturated hydrocarbons are readily produced ; in 
these cases it is preferable first to transform them by phosphorus 
pentachloride into the chloro-oompounds and to reduce the latter 
by sodium in the presence of moist ether, the latter operation being 
performed as slowly as possible. The products invariably contain 
small amounts of unsaturated hydrocarbons, which are removed 
by the addition of a slight excess of bromine followed by distillar 
tion in a vacuum. The products are ultimately distilled over 
sodium, and must finally neither show Beilstein’s halogen test nor 
be coloured by tetranitromethane. 

The validity of the rules governing the relation between consti- 
tution and physical properties which were propounded previously 
{loc. cit.) has been confinned for a series of compounds, and cer- 
tain apparent exceptions have been removed. Experiments directed 
to explain these exceptions have shown that the hydrogenation of 
benzene derivatives may lead to the formation of different stereo- 
isomerio forms of the corresponding hydroaromatic derivatives when 
different methods are employed, and that with simple derivatives 
of cyclfohexane the phvsical constants of stereoisomeric modifications 
may differ considerably. 

The following compound.s are described: 1 : 2*Diraethylcycfc- 
hoxsn-2-ol, b. p. lCO®/ordinary pressure, 63 — 65*^ /9 mm., 0 9 252, 

D-'0 920, nf" 1-46035, nir i-46248. 146848, 1-47330, 

1‘4596 ; 2'CkhrO'\ : 2-dimethylcyQ\Qhe3'.ane, colourless oil, b. p. 53— 54®| 

9 mm., 0-9708, Df 0-96-5, 1-46492, n*?-® 1*46723, 1-47407 

tip 1-4642; 1 ;2-dimethyln/clobexane, b. p, 3-5— 37°/23 mm, 

1 32-5-1 23-5V760 mm. 0), 0-7809, Df 0 779, 1-42820, 

1-43020. 1-43592, 1 -44056, nij 1-4292 ; 4-ch?oro-l :4-r/me%f. 

cychJiexam, b. p 50-5— 52°/)4 mm., Dl®*^ 0 9438, Df 0‘943, rif 
1-45088. <* 1-45372, 1-45942, 1-46462, < 1*4630; l;4-di- 

raetbylcyc/ohexane, b. p. 119-5—120-5°, Df' 0-7722, Df 0-769, 
1-42407, wr 1-42597, 1-43174, <-’]-43624,< 1-4240; l:2-di. 

raethylryriohexan4-ol, b. p. 188 — 188-5°, DJ®*0’9118, Df 0-906, wf’ 
1-45826, <*1-46012, <M-46645, <'M-47]21, < 1-4570; 
methyhychhexan-^-one, mobile oil, b. p. 187®, D^®® 0-9121, Df 0-906, 
wr 1-44871, 1-45094, 1-45712, <« 1-46208, < 1 4476 {« 

second specimen purified through the scmicarhazone, needles, m. p. 
189°, had Df* 0-9116, Df 0-906, <* 1-44856, <* 1*45068, < 
1-45692, <® 1 '461 88, n® 1-4473); a mixture of X:2‘diniethyl-^^- and 
-A^-cyclofteccducs. obtained by the action of anhydrous oxalic acid on 
1 : 2-dimethv]cvc?ohexan-4-ol, b. p. 123-5—124-5°, Df 0-8059, nf 
1-44290, < 1-44529, < 1-45205, < 1-45757; S-chloro-l : 3 ; 64rt- 
Tuethyhydohixane., b, p. 53— 53-5®/10 mm., Df^ 0-9344 (Df^ 0-9343) 
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D® 0’929, »r 1-45566, 1-45775, nj’-" 1-46412, n'‘‘ 1-46925, < 

1 . 4550 ; 1 ; 3 : 5-trimethyleycfohexane, b. p. 137-5'’, Df 0-7777, Df 

0 772, 1-42971, <' 1-43175, <' 1-43764, 1-44235, < 1-4286 ; 

1 ■ ^ ■ 54 rimethyUiyc\ohezan-i-ol, viscous oil, b. p. 195 — 197°/ 

760 mm. (1), 79— 79-6'>/10 mm., D;« 0 8988, Df 0-898, n]"^ 1 45639, 
1-45S51, n'-P 1-46459, n'P 1-46938, 1-4582 ; 1 : 2 ; b-trimethykyclo- 

Utan-^-one, mobile oil, b. p. 195—196°, D"‘ 0-8989, Df 0-897, n'P 
1 - 44797 , n'P 1-45010, n'P 1-45618, n'p 1-46112, 1-4489 (a second 

prepar.ition, purified tbrougb tbe semicarbazonf,^ small needles, m. p, 
I75-5-176-6’, had b. p. 194—195°, D;‘“ 08998, Df 0-895, 

1-44827, 1-45039, 1-45647, ref" 1-46140, < 1-4479); 

1 - 9 - 5 -trimethyloycfohexati 0 , b. p. 44 — 45'’/12 mm., 140 — 141°/ 
7 M mm. (1), D)” 0-7799, Df 0-778, n'P 1-42860, n'P 1-43056, n'P 
1-43633, np 1-44099, 1-4292; 1 : 2 : 5-trtmet/iyl-A^-cycIo/iexene, 

obtained by the action of phosphoric oxide on 1:2: 5-trimethylci/cio- 
hexan'4-ol and possibly containing a small proportion of 1:2 : 5-tri- 
raethyl-AS-cyctohexene, b. p. 144—146°, Df” 0-8078, Df 0-805, nP‘ 
1-44742, 1-44990, 1-45683, raf” 1-46264, < 1-4482; 

] • 2 : i : S-tetramelhyicychhexan-i-ol, b. p. 83-2 — 86-8°/13 ram., 
195-196°/760 mm. (?), Df« 0-8997, Df 0-897, n'P 1-45782, 
1-45999, nf 1-46608, nf’ 1-47094, re's 1-4584; 4-cWoro-l : 2 : 4 : 5-ielra- 
methyloyclohsxane, colourless oil, b. p. 69 — 71°/10 mm., Df “ 0-9406, 
Df 0-936, n'P‘ 1-46288, »■„“« 1-46515, 1-47150, 1-47655, 

1 !® 1-4624 ; 1 :2 : i :5-tetramethi/leyelohexane, b. p. 160-5—161-5°, 
Df 0-7910, Df 0-785, »f’ 1-43517, <’ 1-43718, n'/' 1-44307, 
1-44772, 1-4341; 1 :2 A -.S-telramethyl-A^-cydohexene, colourless 

oil, b. p. 165-167°, Df” 0-8199, Df 0-817, nP 1-45617, <= 1-45880, 
n'J' 1 46597, raf ' 1-4719-2, »fj 1 4572; 1 : 1 -. S-trimethyloyctohexane, 
b. p. 137-138°, Df 0-7868 (Df” 0-7866), Df 0-790, nf » 1-43177, 

1-43385, np 1-43998, »f ° 1-44453, nj° 1-4362 ; 1 : 1 : 3-trimethyl- ■ 
A*-cyc;£ihexen-4-one, b. p. 194—196°, Df° 0-9332, Df 0-930, n'P 
1-47622, n'P 1-47951, 1-48857, np 1-49645, < 1-4779; 

1 : 1 : 3 -trimethyk 2 /cloliexan- 4 -one, b. p. 190 — 191°, Df” 0-9045, Df 
0 902, n'P 1-44907, 1-45130, n'/*' 1-4573-2, «f-“ 1-46240, nf 

1-4497. H. W, 

Action of Chlorine on 3 :5-Dichloro-l : 1-dimethyl-A’'*- 
cjciohexadiene. Leonard Eric Hinkel (T., 1920, 117, 1296 — 1303). 

Process for the Reduction of Aromatic Nitro compounds. 

Joseph Tcherniac and Samdel Henry Davies (Brit. Pat. 150412). 
—Aromatic nitro-compounds, particularly bydroxynitro-compounds, 
are reduced by treatment with a mixture of hydriodic and hydro- 
chloric acids. The consumption of iodine may be reduced to a 
minimum by adding a substance, such as phosphorus, which in 
presence of water reconverts the liberated iodine into hydriodic 
acid. In these circumstances it is obviously immaterial whether 
iodine or hydriodic arid is used in the first instance. For example, 
pnitrophenol (139 parts) is reduced by boiling under a reflux con- 
denser with 36 parts of amorphous pboapboms, 13 9 parts of 
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iodine, and 180 parta of 20% 
icfcline appears in condenser. 

^Qitm+hPflis o! some Nitro-derivatives of Toliiene. 
Oscar Ltslr Bbadt and Percy Noel Williams (T,, 1920, 117_ 
1137—1140). 

I.— -uv..!.. certain Nitro-derivatives of 'Toluene, 

M g1u7(So-. 1920, 50, ii, 101^1 1.3). -Bell and Herty (fti, 
Yoi i 152) contradict the author’s conclusion that molecu ar com. 
Zmd's ar formed in the three binary systems, p-nitrotohiere- 

rrltrinitrotoluene, p-nitrotoInone-2 i4-dimtroW^^^^^ 

dinitrotoluene-2 :4 : 6-tTinitrotoliieiie (A., 1914, i, 817).^ ihe autloi 
rZtea this contradiction, and stives further evidence in support of 
his conclusions. The experimental data f 
Vari (this vol. i, 307) also support the author s ca.se. T. H. P. 

Solubility and Crystallisation of Trinitro m-xylene in 
DiSerent Solvents. T/hjls Desveroses (ritiR, Cfiim. 19.0, 

rill 0 978 ^841 Tlie following quantities of tniutro-w-xylene 

l^e’ dired per' 100 Z of rolventVEthyl alcohol at 15°, O M 
cram • at 78° 0-65 gram. Amyl alcohol at 15°. O’ 14 gram , at 1.8 , 
10'3 grams. Acetone at 15°, 6’95 gram; at 57°, 4^27 grams. EtM 
acetate at 15°. 0’77 gram ; at 76°. 5’43 grams. Glanal acetic a™ 
at 15°. 0-4 gram; at 115°, 15’03 grams, hitnc acid (D 1 5001 at 
lac a.fll crams’ at 90° 51’1 grams. Benzene at 15 , 0’92 gram; 
at 80°; lO’O grima Chlorobenzene ^at 15°, 1’06 f 

108'58 ffram®. K^itrnbenzene at 15 , -< 'iG ^ ■ 

Carbon tetracbloride at 15°, 0*08 gram ; at 75 0^9 :i gram, 

Toluene at 15° I'll grams; at 110°, 21 '7 grams. TTJ-Xvlene at 15 . 
0’83 gram; at 90°, 9’25 grams. The obtained fr^te 

solutions are in the form of needles, m. p. 180 6— 182 5 ._ Ihe soiu 
bility in aniline at 15° is 3’87 grams per 100 c,o.; boilmg amlmt 
Lets with trinitro-m-Kylene, yielding substances which^ha^ie ™t 
yet been investigated. 

pToluenesulpbonyl Derivatives of froino-arids, 

TaZsaruro OsEin {J. Tohjo Ghem. .8oc. 1920, 41, 8— 19). T1 
following p-toluenesulphonvl derivatives have been prepared b 
shaking a solntic of the amino-aeid in the 

alkali ^th an ethereal solution of ' 

two hours, sodium hydroxide being frequently added to neutral® 
the hydrochloric acid formed in the reaction; the produds are 
recryatallised after treatment with hydrochloric acid; ■ r!. 

niZles, m. p. 146°; of alanine, needles, m, p. 92-94°; o vah 
m. p. 110-in°; of leucine, needles, m. p. 111’5°; of pW*™'; 
needles m p. 134—135°; of cystine, octahedra, m. p. 204— ua. 
of asparagine, m. p. 126-128°; of tyrosine “'.Jd 

224—226° (this derivative does not give th^ MiUou reaction, 
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is insoluble in alkalis; by treatment with excess of hydrochlorio 
cid id is converted into the derivative 

Cf;H4Me-S02-0-CsH,-Cl4-CH(C02Hi-lS!H-S0j-CjH4Me, 
a. p, in — 119“); of tryptophan, ne^les, m. p. 176°; and of lysine 
nd arginine, oils. Chemical Abstsacts. 

Mixed Crystals of 4 ; 4'-Dichlorodiphenyl, 4 : 4'-Dil)romo- 
liphenyl, and 4 : 4'-DimethyldiplienyL K. Mieleitnek 
lieitsch. Kryst. dim., 1920, 55, 631 — 634), — Solutions in acetone 
if two of the compounds in variable proportions yielded measurable 
Tj-stals with only a very limited range of miscibility in the case 
)f the dichloro- and dibromo-compounds. The axial ratios (tabu- 
ated below) of the mixed ciystals do not always lie between those 
)f the corresponding pure compounds. An intimate interpenetra- 
jon. rather than true isomoqihons mixing, is therefore suggested. 


Dichloro*. 

Dibromo*. 

Dimethyl*. 




per cent. 

Percent. 

Per cent. 

u*axiB. 

c-axie. 

D. 

lOO'OO 

— 

— 

M500 

0-7078 

1-439 

— 

100-00 

— 

1*1181 

0-6963 

1'897 

— 

— 

100-00 

1*1722 

0-7137 

1*102 

53-06 

46*94 

— 

1*1278 

0-6979 

1-664 

55*89 

44-11 

— 

1*1316 

0-6993 

1*695 

44-66 

— 

o5-34 

Mo04 

0-7016 

1-228 

10-45 

— 

89-55 

1-1802 

0-7388 

1-127 

61-46 

— 

38-54 

1*1571 

0-7068 

1-278 


69-70 

40*25 

1*1416 

0-6884 

1-422 

L. J. S. 


Action of Amines on Trinitrophenylmethylnitroamine. 
Thomas Campbell James, James Ivor Morgan Jones, and Robert 
Illtvd Lewis (T., 1920, 117, 1273—1280). 

New Syntheses of Hordenine. Ersst Spate and Phillip 
SoBEL {Monatsh.j 1920, 41, 77 — 90. Compare Barger, T., 1909, 
105, 2193; Roeeumuud, A., 1910, i, 241; Leger, A., 1910, i, 336; 
Voswinckel, A., 1912, i, 443). — An ethereal solution of magnesium 
panisyl bromide is slowly added to dichlorodiethyl ether 
dissolved in ether at — lo“, and the product, after being distilled 
under diminished pressure [b. p. 162 — 167°/16 mm. (decomp.)], is 
found to consist of a mixture of fi-cliloro-a-'p-methoscystyr- 
lene, OMe-CjIlj-CHiCIICl, colourless liquid with an odour of 
aniseed, b. p. 137 — 140°/19 mm., and the desired ff-chloro-a- 
tthoxy-a-^-anisyltihune, 0 M 6 'C 5 Hj-CH( 0 Et)-CH,CI, the latter 
having partly lost ethyl alcohol during the process of distillation. 
The undistilled product of the reaction is. however, converted by 
anhydrous dimethylaraiue into ^divietliylmtuno-a~x.thojy-a-anisyl- 
dhane, OMe-C„H|-CH(OEt)-CH,-NMft., b, p. 152— 153°/14 mm. 
(the plalinichloritie was analysed), which could not be satisfactorily 
converted into hordenine, since short treatment with hydriodio acid 
yielded a ba.se wbicti w:is not identical with hordenine, whilst pro- 
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longed action caused the elimination of nitrogen with the formation 

“^rMeSe^ltromide reacts with bromome%l ether in drj 
eth^e^rSTnl give a " 

?hS^d of the latter being 48% 
TL^' VO^Meo'^ basis of the bromid* 

led? Concentrated^ydrobromio acid teansfo^ “** 

B-brmno a v-hydroxyphenyUthane, colourless, silky ne^te, m, p, 

^9-^° b p 153565°/ 14-5 mm. (some decomp.), which is con- 
Irted bv anhydrous dimethylamine at the ordinary temperaiure 

intohordeninem.p. 117-118° in 82% yield. 

^Bromo-n-methoxystyrene reacts extremely slowly with an aW 
hoho solution of sodium acetate at 170°, but is converted by methyl 
alcoholic sodium methoxide At 160-170° into a mi^re ot 
e-p-dimethoxystyrene, OMe-C„HpCH.CH;OMe, b p 
16 mm., and Vanisylacetylene. The former is catalytically hydro- 
genated in the presence of palladiseil bannm sulphate to ^-methoxy. 
a-anisylethane, b. p. 121-123°/ 14 mm., which is converted into 
hordenine as described above, whilst the latter may be in part tram- 
formed into 3-p-dimethoxystyrene_ by ^ with m^hyl 

alcoholic potassium hydroxide solution at 130 HO . M. W. 


Tetranitromethane. 11. Tetramtroineth^e as a Nitrating 
Agent. Erich Schmidt and Heinrich Fischer (Ber., 1920, 53, [B], 
15 ^ 9 — 1537). --Decomposition of tetranitrome^an© into nitroforni 
and nitric acid which has been shown previously (A., 1919, i, 2481 
to occur almost exclusively under the action of very concentrated 
aqueous alkali is found to take place in the present of a w.^k base 
if solutions in alcohol or acetone are employed This is shown to 
occur at the instances of dimethyl- and diethyl p-toluidine, which 
thereby undergo nitration by the liberated nitric amd. ^ The same 
effect can be obtained with suitable non-basie materials if the reac- 
tion is performed in the presence of pyridine (which thereby forms 
the nitroform salt). The process thus constitutes the first method 
of introducing the nitro-group into the aromatic nucleus in a non- 
acid m&diuin. 


^-Nitrodim.eth'^I-]>-ioJuidine-nitroformj 

NM(%-C«n3Me-NO,.CH(NOj)3, 

yellow crystals which slowly decompose when preserved at the ordin- 
ary temperature, a.i ' evolve gas at 91— -92°, is prepared by tm 
gradual addition of an alcoholic solution of tetranitromethane to 
an ice-cold solution of dimetllyl-;^toluidine and boric acid ie 
alcohol. (The analysis of this and similar compounds is efiected 
by estimating the nitroform, since they do not give concordant 
results for carbon, hydrogen, and nitrogen by the usual method.) 
The constitution of the substance is elucidated by its reduction to 
3-aminodimetb,yl-p-toluidine, b. p. 115 — 117°/12 mm., 69 71 
0‘5 mm. (acetyl derivative, m. p. Ill — 112°), by its fusion by alka i 
into 3-nitrodimethyl-2)-toluidine, b. p. 110 — 113°/0’5 mm., an 
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bjr its direct synthesis from its components in aqueous-alcoholic 
solution. ^-^^i^^odiethyl-^-tolmdine^itroform, yellow crystals 
which decompose at 9P, is similarly converted into S-nitrodi- 
eihplf-tolmdim, b. p. 101 — 102 °/ 0-2 mm. ^-N ilrodimtthyl--^ 
anisidine-rntroform^ yellow crystals which decompose at 108° after 
previous discoloration and can only be preserved for a few hours 
at the ordinary temperature, and i-nitrodimethyl-n-amsidine b. p. 
108 — 110°/0'5 mm., are prepared in like manner. 

The action of an alcoholic solution of tetraiiitromethane on 
jwresol dissolved in an ice-cold mixture of alcohol and pyridine 
yields m-nitro-^cresol, m. p. 33-5'>, b. p. 73— TSo/O'S mm., in 60% 
yield, and pyridine nitroform, which decomposes at 91—92° and 
cannot be long preserved unchanged at the ordinary temperature 

[With Adalbert Wacnee.]— A solution of wosafrole in acetone 
and pyndme is converted by tetranitromethane dissolved in acetone 
into ;3-nitroisosafrole, m. p. 98° (compare Wallach and Miillcr, A. 
1904, i, 754), the yield being 72-5% of that theoretically possible. 

[With Willy B.ajen.] — Anethole is similarly transformed into 
^.nitroanethole, ra. p. 48°, in 64'3% yield. H. W. 


Tetranitromethane. III. Conversion of Tertiary Amines 
into Secondary Nitrosoamines. I. Erich Schmidt and Heinrich 
Fischer (Tier., 1920, 53, [A], 1537— 1544).— When tetranitro- 
methane is allowed to act on a boiling alcoholic solution of a ter- 
tiary base in the presence of pyridine, the nitrating action of the 
liberated nitric acid (compare preceding abstract) is only slightly 
evident, the main change consisting in the removal of an N-alkyl 
group as the corresponding aldehyde and the formation of a seooni 


/ \ 

ary nitrosoamiue : :N-CH,R-h C^nsN-i- (NO„),C N-0-N0..= 

.N’NO-t C 5 H 5 N,CH(N 0 . 2 )s-t R'CnO. The action has so far been 
applied tx) fatty-aromatic amines, and does not appear to b© influ- 
enced by the presence or position of further substituents in the 
ring. It is usually carried out in the following manner. An aloo- 
holio solution of tetranitromethane (I'l mol.) is slowly added to a 
boiling alcoholic solution of the tertiary amine (1 mol.) and pyr- 
idiiie (1 2 1'5 mol.), and ebullition is continued until the odour 
of tetraiiitromethane disappears. The mixture is poured into water 
and extract^ with ether after addition of saturated salt solution. 
Ibe ethereal solution is subjected to the action of steam in the 
prisence of a further quantity of salt solution and a little potassium 
cartonate. ^ Ether and the nitroeoamine are successively volatilised ; 
me atter is fr^ from traces of pyridine by agitating its ethereal 
oJution with dilute sulphuric acid, and subsequently purified in the 
mal manner. ^ The following substances have been thus obtained : 
ptay methy uitrosoamine, b. p. 86— 87°/r7 mm., and p-nitro- 
P enyimethylnitrosoamine; plienylethyliiifcroeoainine, b. p. 96—97°/ 
P-nitrophenylethylnitro 8 oamin©; o-tolylmetbylnitroBO- 
90°/l'5 mm.; o-tolyletbylnitrosoamine, b. p. 

/ 0 mm. ; o-chlcrophenylmctliylnitriKoamine, b. p. 89° / 
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1*2 mm.; o-auisylmethylaitrofioamiQ©, b. p. 112°/M mm., aad 

- nitro-o - anisylmethyluitrosoamine; m4olylineth'yl7titrosoa'tnine. 
orange-yellow oil, b. p. 89— 90°/l mm.; m-chloropkenylmethyi 
iiifrosoamine, nearly colourl^s leaflets, m. p. 36 37°; p-tolyl- 
metbylnitrosoamine, m. p. 52°, and 3-cita:odimethyl-^?-toluidine; 
p-chlorophenylmethylnitrosoamine, m. p. ^-chlorophenyhthyl 
nitrosoarnint, colourless, interwoven needles, m. p. 60 61^ 
(p-chlorodietbylaniline, which has been previously isolated by Hof- 
mann in the crude condition, is obtained by the action of ethyl 
alcohol on p-chloroaniline hydrobromide at 150°, and forms colour- 
less needles, m. p 30°, b. p. 95— 96°/l-5 mm.); m : 4-xylylmetliyl- 
nitrosoaniiue, pale yellow oil, b. p. 101°/1'3 mm, H. W. 

’ Halogenalkylated Aromatic Amines. V. Preparation oi 
Aryl Vinyl Ethers. Julius von Braun and Georg Kibschuai;)! 
{Ber., 1920, 53, |7i], 1399— H08).— The preparation of vinyl ethers 
is generally a matter of considerable difficulty, and few members of 
tliis class are known. The authom have therefore investigated a 
possible general method of synthesis which depends on (1) the 
replacement of the halogen atom of B-halogenaJkylated aromatic 
amines by the radicle OR; (2) union of the basic ethers thus pro 
duced with methyl iodide or methyl sulphate; and (3) decomposi- 
tion. of the quaternary salts so formed with alkali in accordance 
with tho scheme RO*[CH.7]2*NR3''*I-fKOH — y R’O'CHICH;! 
NR3. Unfortunately, the process breaks down at the third stage, 
when R is an aliphatic residue, since the quaternary compounds 
are only decomposed with unusual difficulty, and are, in part, exten- 
sively changed and in part re-converted into the ba.sic ether. With 
phenols, on the other hand, good results are obtained, and this is 
also the ease with dihydroxy- and thio-phenols. 

Peculiar interest attaches to the vinyl ethers from the point of 
view of the chemistry of perfumes, but the introduction of tha 
vinyl complex is found to have a most irregular influence on the 
odour of the compounds produced. 

N - B - l^aphtho-TyethylMethylanilme, Cn,H7*0‘fCH2]2']SrMePh, 
m. p. 75°, b. p. 200 — 205°/mercuTy vacuum, is most readily pre- 
pared by heating 0-naphthol with methylbromoethylaniline aiid 
potassium hydroxide in acetone solution. It is only feebly basic, 
but yields a hydrochloride, needles, m. p. 150°, a platinkhloriit 
decomposing at 1°8 — 129° afld a mefhiodide, m, p. 137°. DecciB- 
position of the latter is best effected with boiling aqueous potassium 
hydroxide 05%), through which steam i.s blown oontinuoudj, 
whereby dimethylaniline and /5-naphthyl vinyl ether are removed as 
.soon as they are formed, whilst i\^-0-naphthoxyethvlmethylamliiie 
remains in the flask. The yield of the ether is 45 — 50% of that 
theoretically possible, w'hilst about- a half of the original iodide is 
left as the corresponding base, which can be readilv utilised 
further preparations. $-Nnphfhyl vinyl ether, m. p. 63 — 64°, b, p 
137°/13 mm,, hns an intense odour of tangarine .skins, In eoutrfist 
to ally! ether (the same is true for all other representatives of tbi? 
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’lass), it is not able to undergo the Claisen transformation into 
^-inylated j 8 -naphthol; the vinyl group does not unite with bromine 
-niootbly, and is only very slbwly and incompletely hydrogenated 
'^y paal’s method. The aromatic vinyl ethers are more stable 
owards hydrolysis than are the corresponding aliphatic compounds, 
jnd the odour of acetaldehyde is only apparent after protracted 
soiling with alkali hydroxide or dilute acid, 
Carvacryloxycthylmethylaniline^ Cf;H 3 MePr‘ 0 *[CIl 2 ].j*NMePh, 
15 a moderately viscous oil, b. p. 220 — 221°/ 11 mm., which yields a 
\-ery soluble picratey and an oily hydrochloride and methiodide (the 
pfafinichloride corresponding with the latter has m. p. 90°). Car- 
v^icryl vinyl ether has b. p. 217 — 218°/atmcepheric pressure, and 
possesses an unpleasant odour dissimilar to that of the corresponding 
or ethyl ether. 

^.i''cirahydronaphthyloryethylmeihylnviline, b. p. 52 — 53°, b. p. 

057 258°/14 ram., gives a hydrochloride, ni. p. 163°. a picrate, m. p. 

122°, and a meihiodide. colourless, crystalline powder, m. p. 123°. 
^.petrahydrovaphthyl vinyl ether, b. p. 121 — 122°/11 mm., has a 
faint, not unpleasant odour, which is less marked than that of the 
cerresponding allyl ether, b. p. 158 — 161°/23 mm. 

The action of methylbromoethylaniline on catechol leads to a 
mixture of o-hydroxyphenoxyethylmethylamUney m. p. 71° (the 
hydrochloride, m. p. 195° after darkening above 140°, picrate, 
orange leaflets, m. p. 146°, acetyl derivative and methiodide, colour- 
less leaflets, m. p. 135°, are described), and the symmetrical hie-^- 
mtthjlphenylaminoethvl ether of catechol, 

' NMePh-[CK.ly0*Cf.n4*0*[Cn.lo*NMePh, 
m, p. 90 — 91° [hydrochloride, picrate, yellow powder, m. p. 103°, 
ir\efhiodi(h, m. p. 96°). Cntechyl monovinyl ether, b. p. 213°, is a 
colourless liquid with a faint odour. Cntechyl divinyl ether has 
b, p. 206—209° 

PJienylfhiolefhylm.efhylaniline, SPh’[CH.;.l 2 *NMePh, almost 
odourless oil, b. p. 222 — 224°/ 14 mm. [hydrochloride, oily, picrate., 
rellow needles, m. p. 155°), yields an oily methiodide (the corre- 
sponding plaiinichloride, m. p. 155°, was analysed), which gives a 
90 % yield of phenyl vinyl stdphide, b. p. 200 — 201°, almost colour- 
less liquid, which has a pleasant odour of radishes. 

'^-hfethyl-^-amyloxyethylanifine. b. p. 154 — 156°/10 mm., is 
slowly formed in the usual manner; it yields oily salts and a non- 
crystalline methiodide (the corresponding plaiinichloride decom- 
poses at 166° after darkening at 160°); when treated with potass- 
ium hydroxide, the quaternary iodide largely regenerates the 
original amine and only gives traces of a nitrogen-free oil with an 
ethereal odour. 

y.-Mcthyl-^-thiocyannethylanilinc, pale yellow oil, b. p. 186°/ 
10 rani., is obtained writh unusual ease from metbvl-^-broinopthyl- 
ruiline and potassium thiocyanate in aqueous-alcoholic solution, and 
vi*>lds a crystalline methiodide, ra. p. 137—133°. The latter appears 
te bo decomposed bv potassium hj’droxide primarily into dimethvl- 
finilinp and vinyl thiocyanate', under the experimental conditions 
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adopted, however, the latter is unstable, and immediately d^n.. 
poses in an undetermined direction. 


Studies in Bing Formation. III. The Condensation oi 
Aromatic Amines with «- and ^-Diketones and with 
4-4'-Diacetyldiphenyl. Clarence Victor Ferriss and Eostac* 
Ebenezee Turner (T., 1920, 117 , 1140—1151). 


Influence of Substituents on Reactions. IV. Preferential' 
Substitution Positions in ^-Naphthylamme Habtw. 
Fbanzen and Gustav Stauble (/. pr. Ghem., 1920, [nj, 10 , 
58-74. Compare A., 1919, ii, 4),-It has been shown previomlj 
(Franzen and Aaslund, A., 1917, i, 644) that not mere than three 
taomine atoms can be introduced readily into the 3-naphthylamme 
molecule, forming successively ^ 

bromo-jS-naphthylarnine (compare Claus and PhiU^tm, 1891, 
462^ and a substance which has been consider^ by Claus and Jack 
to be 1 : 4 : 6-tribromo-)8-naphthylamine, but which is now shown to 
be the 1 -3 : 6-derivative; this is deduced from the fact that the 
compound is converted by tin and hydrochloric acid into a dibrouA 
^-naphthylamine, which differs from the 1 : 6.denvahve and 
after elimination of the aminogroup yields 2 : 7-dibromonaphtl. 
alene. The authors are led to the conclusion that the positions 
1 6 and 3 are preferential substitution points m the bromination 
of 6-naphthvlamine; the /3-aniino-group has a much greater inJii- 
enoe on the'l- than on the 6-hydregen atom, whilst the latter is 
noticeably more influenced than the 3-hydrogen atom^ The action 
of tin and hydrochloric acid on 1 : 6-dihromo-^naphthylamine and 
1 ■ 3 • 6-tribrom<i-;3-naphthvlamine leads essentially to the replats- 
ment of the 1-bromo-atom by hydrogen; in the^ two auhstoccs, 
the position 1 is a favoured substitution point with respect to hydro- 
gen. In these cases also, therefore, the substituent in position 1 u 
much more influenced by the amino-group than that m position 


^ o^Bromonaphthalene is not reduced by tin and hydrochloric arid. 
l-Bromo-^-naphthylamine is converted by tin and hydrochloric acid 
or by stannous chloride into B-naphthyla,niine, but is imt affectrf 
by alcoholic potassium hydroxide ^ solution. 1:6- Dibromof- 
naphthylamine is transformed by tin and hydrochloric arad, oj 
stannous chloride, by hydriodic acid or by cuprous chlwide aM 
hydrochloric acid : .ito 6-bromo-)8-naphthylamine, m. p. 128 (tm 
hydrochloride, neelj/} derivative, m. p. 192°, and bmzoj/l denvatm. 
colourless leaflets, m, n. 218°, are described). 6-Bromo-3-naphtliyl 
amine is scarcely affected by tin and hydroohlonc acid or by liyat 
iodic acid, 1 : 3 6-Tribromo-/3-naphthylaniine is reduced by tin a»< 
hydrochloric acid to 3 : 6-di.hTomo-p^apht,hpJaw.mr. , small, colourles 
leaflets, m. p. 187° {ar.etpl derivative, long, slender needles. m P 
195°, iemopl derivative, long, silky needles, m. p. 161— K-): ' 
similar result is obtained by the use of stannous chloride, H. W, 
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The Preparation ol Thiocarbimides from Non-Aromatic 
primary Bases. J hlibs von Bbadn {Ber., 1920, 53, [i<], 1588).— 
Thiocarbimides of non-aromatic primary bases are most conveni- 
ently prepared by the thiuram disulphide method (van Braun and 
Deutsch, A., 1912, i, 673), which is particularly applicable to the 
production or fatty-aromatic, Iiydroaromatic, and complex thiocarb- 
imidffl. cycfoHexylthiocarbimide (compare Skita and Rolfis, this 
voL, i, 607) is obtained quantitatively from cycfohexylamine in this 
•manner. - jj 


New Derivatives of /-acid [6-Amino 1 naphthol-3-sul- 
phonic Acid]. W. Kosio and H. Halles (/. pr. Chem., 1920, 
[ii], 101, 38— 57).— The experiments were undertaken with the 
object of elucidating the causes which condition the peculiar tinc- 
torial properties of derivatives of /-acid as compared with those 
derived from similar acids. In most of the work which has been 
accomplished previously, the alterations have been effected by 
alkylating, arylating, etc., the amino-group. The present com- 
munication describes the production of compounds obtained by 
replacement of the amino- by other radicles and by altering the 
sulphonio acid group ; the consideration of the tinctorial properties 
of the substances is reserved for a subsequent paper. The follow- 
ing individual substances are described, which are generally pre- 
pared by well-known methods. In the case of the sulphonio amds, 
the p-toluidine salts have been investigated, since the free acids and 
the simple alkali salts are inconveniently freely soluble in water. 

p-Tnluidine 6-iodo-\-naphthol-S-svlphonate, pale pink leaflets- 
-■toluidine . - . . ^ r , 


o/\ 

'I I 
\/\ 
OH 


-K=/' 


OH 

> 

/~\ 

\-/ 


^ - chloro •\ -7ia'phthol 'Z-sulpkonate^ leaflets; 

p - toluidine 6 - ando-\-naphthol~ 
Z-mlpkonate, shining, trans- 
parent, colourless leaflets (the 
dhodiuw. salt is also described); 
^-^•hydroxynaphthaquinonimido - 
1 - naphthol - Z-fsuljjhonic acid 
(annexed formula), violet 
powder; Q-kydrazinoA-naphthol-3-sulphonic acid, small, colourless 
needles ; p-toluidine ^-imtijiA -If^ydroxy-^-naphthTflkydrazine-Z- 
^dphonate, lemon-yellow powder ; '\(V-s\apho-Zf-hydroxy-^>- 
naphthylY^-methyl-X : 2 : Z-triazoJeA-carhorylic acid (annexed 

formula), colourless needles by 

XT N the action of ethyl acetoacetate 

■ . I •CMe:C*C 02 H 0*1 p-toluidine 6-azido-l- 

\/\/ naphthol-3-sulphonate in the 

presence of alcoholic sodium 
©thoxide, followed by hydrolysis 
0 the product with sodium hydroxide; sodium B :5'-dibemoyloxy~ 
'-V-dinaphthacarhazole-l ‘,l^-disulphovate\ sodium G-benzoyl- 
(imno~\-henzoxynapUhahne-Z-sulphm.ate, small, silky needles; 
^■benzoylamino-l-benzoyloxynaphthalene-Z-sulphomjl chloride, yel 


H0gS| 
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„ r. Ill®- the corresponding onifo/f 
low glassy mass, • ^ Q.l,emoylamino-a-naphtholl 

corresponding add chloride, benzene, and alnminmm chloride), 

discussed; the author is led to the » ^ 

products are sulphurous esteis, but rue u g r ^ 

consulted for details. 

AlkaU Fusions. 11. Fasion o£ Sodium Benzene-n- 
disulphonate with Sodium Hydroxide for the Production 
of Resorcinol. Max Phillips and H. D- GUbbs (/. Z«d. Eng. 
Chem 1920 12 , 837 - 860 ).-The maximum yield of resorcinol is 
obtained by fusing 20 to 24 mok. of sodinm hydroxide with 1 mol, 
of sodium Lnzcne-m-disulphonatc but in practice the yiel s were 
nearly as good (60-1 lo 63-5%) when only 16 alkali were 

used.^ The best temperature was 310 , and the time two hours 
At 330-350“ there was some destruction of resorcinol, whilst at 

970 090 ® the yields were lower, owing to the reaction being in- 

comprete, and even by extending the time of fnsion were not ro 
ffood as at 310“. The presence of water in the fusion mixture 
reduces the yield of resorcinol, but does not make a very 
difference if it does not exceeil 2 to 4%. C- a. M. 


Tautomerism of Phenols. Resorcinol. Hans Th. Bucherer 
(Ber. 1920. 53, [f?]- 1457— 1459).— The action of sodium 
hydrogen sulphite on a boiling aqueous solution of resorcinol 
slowly leads to the formation of a substance, CjHqOjjSjNa,, 
which has been regarded by Fuchs and Eisner (this vol., i, 54j) 
as the sodium salt of the bisulphite compound of c.yc/ohexane 
3:5-dionesulphonic acid. The stability of this compound towards 
boiling dilute mineral acids causes the author to doubt the con- 
stitiitioii assigned to it and to consider it as allied to the sulphurous 
estors of mono- and di-hydric phenols, which ho has shown to be 
characterised in this manner. It is further pointed out that 
Bucherer and Schenkel (A., 1908, i, 452) have obtained a com- 
pound, CjHsfJ.SNaB 10s,2H„0. from pyridine and bisulphite in 
which the pyridine nucleus is extensively altered, since the greater 
part of the pyridine nitrogen is readily liberated in the form of 
ammonia by cold dilute alkali; it therefore appears that cyclic 
systems with two or three molecules of bisulphite can be obtained 
readily and without I, he necessity of intervention of carbonyl 
*' TT W 

groups. 

Tautomerism of Resorcinol. .1. Kerzig and S. Zeisei. (Bcr.. 
1920, 53 , [S], 1518). — In connexion with the recent publication 
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Qii this subject by Fuchs and Eisner (this vol., i, 545), the authors 
point out that they haYe conclusively proved the possibility of 
tautomerism in this substance by the action of potassium hydroxide 
and alkyl iodide. H, W. 


Syntheses of Humic Acids. WitHECM Ellek and Kite Koch 
(dcr., 1920, 53, [Zi], 1469 — 1476). — The oxidation of phenols in 
alkaline solution leads to the formation of substances which appear 
fo be identical in all respects with the natural humic acids ; only 
such phenols, however, as are capable of giving quinonoid inter- 
mediate products show this behaviour. The acids are obtained 
by allowing the alkaline solutions of the phenol to remain exposed 
to the air, or, more rapidly, by the addition of finely powdered 
potassium persulphate to the solution. The products from 
catechol, quiuol, and p-benzoquinone give analytical figures in 
agreement with the formula C 5 H 4 O 3 , but since the acids do not 
crystallise and cannot be purified by repeated precipitation, the 
purity of the substances can only be controlled by analysis of 
several independently prepared specimens. The synthetic sub- 
stances are soluble in water and alcohol, and, to some extent, in 
ether, but this property is lost when they become dry. In propor- 
tion as they are washed free from mineral acid, they develop the 
power of forming colloidal solutions in water. The moist sub- 
stances shrink greatly when dried, and at 100 ° lose water, form- 
ing hard, brittle masses, which are readily ground to a black, 
shining powder. Their alkali salts dissolve readily, the remain- 
ing salts very sparingly, in water. In these respects they behave 
exactly as do the natural humic acids, and Ihe similarity also 
extends to their behaviour towards chlorine, nitric acid, sodium 
hypobromite, and acetic anhydride. 

The humic acid obtained from phenol resembles the other 
synthetic products, except in its greater solubility in alcohol; it 
has, however, been so far impossible to obtain concordant analytical 
data for the product. 

The work is considered to’ throw considerable light on the 
chemistry of the natural humic acids, since it proves definitely 
that a number of them are existant, and that the pure substances 
are free from nitrogen and are possessed of definite acidic proper- 
ties (probably owing to the presence of an unchanged phenolic 
hydroxyl group). They are probably formed by elimination of 
water from the hexoses, with formation of quinones, CgHj^Og — 
4H,0 4 - C 5 H 4 O 0 , and subsequent oxidation of the latter to humins; 
an experimental realisation of the first step in this hypothetical 
scheme has not yet been accomplished satisfactorily. H. W. 

Diphenylene Sulphide in Coal Tar. 0. Krdber [Ber., 1920, 
53, \ti\ 1566 — 1567. Compare Weissgerber and Kruber, this vol., 
i, 754). — The presence of diphenylene sulphide iu crude 
phenanthrene (containing about 1 % of sulphur) is established by 
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whereby dipbenylenesulpbone, . p- ^ ^ 

Diphenylaryltelluronium Salts Karl If O' 

R'? rni 1430—1446. Compare A., 1916, i, 810, 19N, i, 134).^ 
Th; Separation of the dipheaylaryltelluromum sa s m effected 
Wthe addition of the requisite Grignard reagent (two or, more 
uLS “times the calculated quantity is used) to a so u 
, V u n ii-rvniiim dioliIoridB 111 dry tolucnC' Tii6 nuxturs 

shaken and immediately treated with dilute hydrochloric add, 
after whicrany residual Llid is dissolved in boiling water. The 
so ution is treated with potassium iodide m quantity safficien to 
solution IS e„i|,,„nium salt into the iodide, when the latter 

seplrates whilst a further quantity may be obtained by treatment 
7the filtiates with sulphurous acid, and subsequent ™tra ion 
It is frequently contaminated with basic iodide in wHicU case it 
is aLinlissolved in water, the solution is treated with acetic acid 
and^^ototom iodide, and subjected to 

the basic iodide is decomposed, with the separation of the di-iodide, 
which can readily be sepLated by filtration. The following sen. 

* Diphenyl-v-tolylidluronium Salts.— Iodide, colourless, crystal- 
line powderf m. p. 219-220°; i-romide. colourless needles, m p, 

228 229° after softening at 226°; chloride, partly crystalline 

mass; ?LrmonoclinicVisms,m. p. 132-133° afto^ 
at 130°; mercuri-iodide, microscopic needles, m. p. 222 223 after 
softening at 220°; mercurichloride, resinous mass. 

Oiphenyl-o-tolyllelluromum Salts.— Iodide, small crystals, m p, 
175-176° after softening at about 170° (mercun^odide, white, 
amorphous powder, which softens frorn about 154° and is aic 
pletely melted at 184°); chloride, a resm; mercuriMoMe cohm- 
Ls needles, m. p. 210-211° after softening at 207-208 ; imm*, 
microscopic prisms, m. p. about 203° after softem^ at abou 199 , 
picrate, small, triclinic crystals, m. p. 127—128 after softenmg 
122^ 

aphenyl-m-inlyUelluronium Salts.-Iodkle, colourless needles, 
m. p 190—191° (from water), 202° after softening at 200 (from 
alcohol); mercuri-iodide, cubic crystals from alcohol, m. p. 
134-135° after softening at 132°, slender needles from glacial 
acetic acid, m. p. 132-133° after softening at 129°; the chlonk 
and mercuriehlori’e are resinous; bromide, needles, m. P- 
202—203° after softening at 199° (mercunbromide, semi-soM 
mass); picrate, m, p. 105 — 106° after softening at 101 ■ 

Triphenylfelliironiujn Salts. — Iodide^ m. p. 247 248 a 

softening from 245°; mercuri-iodide, small, colourless plates, wW 
darken at 146°, soften at 155°, and are molten at about 1(8 , 
mercuribromide, long, colourless needles, m. p. 143 
(decomp.) ; mercurichloride, four-sided rods, m. p. 136—137 alte 
softening at 130° (from water), slender, silky needles, m. P- 
138—139° after softening at 135° (from glacial acetic acid). 
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])ij)henyl-o-xylyltelluroninm iodide, microscopic cubes 
( + 2 EtOH), m. p. 114 — 115° with effervescence. Diphenyl-m- 
\ylyltdluronium iodide, colourless powder, m. p. about 103° after 
softening at 92°; mercuri-iodide, colourless powder, m. p. 201 — 202° 
after softening at 195°. 

Bipienyl-^-xylyltelluronium Sails. — Iodide, m. p. 213—214° 
after softening at 211°; mercuri-iodide, yellow, amorphous powder, 

p. about 110° after softening at 100°; chloride, m. p. 210—211° 
after softening at 207°; mercurichlonde, m. p. about 176° after 
softening at 172°; bromide, small crystals, m. p. 207 — 208° after 
softening at 204° (from water), rods, m. p. 220—221° after soften- 
ing at 218° (from alcohol-ether); mercuribromide, needles, m. p. 
178—180° after softening at 174° (from alcohol), 174—175° after 
softening at 166° (from glacial acetic acid) ; jdcrate, small, yellow, 
rhombic crystals, m. p. 170 — 171° after softening at 168°. 

Uifhenyl-^-anisyltelluronium Salts.— Iodide, small prisms 
(+0'6EtOH); mercuri-iodide, white, amorphous powder, m. p. 
89—90° after softening at 86°; the chloride, bromide, and their 
mercuric double salts are oily or resinous; picrate, small, yellow, 
monoclinio crystals, m. p. 12^127° after softening at 125°. 

Difhenyl-o-anisyltelluronium Sails. — Iodide, colourless crystals, 
B. p, 230 — 231° after softening at 226°; mercuri-iodide, colour- 
less leaflets, m. p. 218 — 219° after softening at 215°; the chloride 
and mercurichloride are resinous; bromide, m. p. 220 — 221° after 
softening at 215°; picraie, m. p. 165 — 166° after softening at 
160-161°. 

Diphenyl-m-anisyltelluronium iodide was obtained as a white, 
rystalline powder, which softened at 85° and was completely 
nelted at about 95°; it was not isolated in the pure condition. 

Diphenyl - p - phenetyltelluronium Salts.— Iodide, crystalline 
lowder, m. p. about 131° after softening at 125°; mercuri-iodide, 
Aite, amorphous powder, m. p. 76 — 77° after softening at 74°, 

Diphenyl-o-phenetyllelluronium Salts. — Iodide, m. p. 247 248° 

decomp.) after softening at 225°; mercuri-iodide, colourless 
nystals, which become yellow in sunlight, m, p. about 183 — 184° 
liter softening at 174°; the chloride, mercurichloride, and picrate 
:orm wax-like masses; bromide, colourless, crystalline powder, m. p. 
178—179° after softening at 174°. 

Diphenyl-a-naphthylleUuronium Salts. — Iodide, m. p. about 148° 
liter softening at 130°; mercuri-iodide, m. p. 126° after softening 
it 115°; the chloride and bromide could only be isolated in an 
impure state. 

Diphenylmesityltelluronium iodide has m. p. 153 — 154° after 
softeuing at 152°, whilst the mercuri-iodide is a white powder, 
m. p. 93 — 94° after softening at about 89°. H. W. 

Tautomerism in the Triarylcarhinols : Mono-p-hydroxy- 
diphenyl-a-naphthylcarbinol. M. Gombekg and N. A. Lange 
{3. Ainer. Chem. Soc,, 1920, 42, 1879 — 1883. Compare following 
^l^stracti). — rhenyl-a-^ajihthyldichloromethan€f C]oH 7 *CPhCl 2 , m. p. 
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92°, obtained by tbe action of phosphorus pentacWorid© on phenji] 
a-naphthyl ketone, when slowly added in benzene solution to a boil- 
ing solution of phenol in benzene gives phen^l-a-napkth^ldiphen. 
oxymethane, Cj(jHj-CPh(OPh) 2 , m. p. 169—170°. If, however 
phenol and phenyl-o-naphthyldichloromethane react together at 
the ordinary temperature for twelve houra and then at 50° for 
hour the product is the fuchsone phenylra^iaphthylquinomethane 
C\(jHj‘CPh!CeH 4 iO, m. p. 169 — 170° If this fuchsone is boiled h 
aicoholio eolutiow with aqueous sodium hydroxide until the colour 
of the solution has changed tx> a light yellow, and the solution 
then diluted with water and saturated with ammonium chloride 
phtnyl-p-hydroxyphenyl-a-naphthylcarbinol, 

C,(,Hy-CPh(OH)*CeH4-OH, 

is obtained in its quinonoid form, and it is not possible to isolate 
the benzenoid form. Thus, as in the case of its isomeride, dipheay]. 
4-hydroxy-a-naphthylcarbinol (loc. cit.), the naphthyl group exerts 
its tautomerising influence with the production of the quinoaoid 
tautomeride. 

Wheu phenyl-a*uaphthyldichloromethan© and phenol previouslj 
saturated with dry hydre^en chloride are heated at 110° for tweaty- 
four hours and the product, after the removal of the excess of 
phenol by steam distillation, is poured into 5% aqueous sodium hydr- 
oxide, 4 : i^-diiiydroxytriphtayl-ornaphthylvuthanc, 
CioH;*CPh(Cf.H4*OH)2, 

m. p, 209 — 210° (decomp.), is obtain^. W. G. 

Tautomerism in the Triarylcarbinol Series; Diphenyl. 
4-hydroxy- Inaphthylcarbinol and Diphenyl-2-hydrosy 
I'liaphthylcarbinoi. M. Gombeuo and F. \V. Sullivan, jun, 
{J. Amer. Chtm. Soc., 1920, 42, 1864— 1870).— A quantitative yield 
of p-naphthafuchsone may be obtained by mixing together benzo- 
phenono chloride and a-naphthol in a dry atmosphere, and after 
leaving the mixture overnight making it slightly alkaline will 
dilute sodium hydroxide and distilling it with steam. On bromiiu- 
tion in acetic acid solution the fuchsone gives ^-hromo-p-naphik 
fuchsone, m. p. 176°, and on chlorination Z-chhro-p-mphtkajud 
sane, m. p. 161°. o-Naphthafuchsone was similarly obtained iron 
benzophenone chloride and ^-naphthol, but in this case the addi 
tion of aluminium chloride as a catalyst was necessary. When dh 
solved in alcoholic sodium hydroxide and an aqueous solution oi 
ammonium chlop Je added to this solution, p-naphthafuchsone gavf 
aamost entirely the quinonoid form of diphefiylAdLydroxy-a-najih- 
thylcarhmo!, whilst o-naphthafuchsone gave exclusively tk 
beuzenoid form of diphtnyl~2-hydroxyA-^i<iphthylcarhinol. Thf 
bromo- and chloro-derivatives described above gave the quinonoid 
forms of diphcnyl-Z-hroffioA-hydroxyA'naphthylcarhtnol and 
diphenyl-^-chloroA-hydroxy-\-naphthylcarhiml respectively. 

Both 0 - and p-naphthafuchsones give additive compounds ffifli 
hydrogen chloride, but the cWoro- and brorao-naphthafuchsones do 
noh W. G. 
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edition ol Nitrogen Peroxide to Ethyl Phenylpropiolate. 

Heinbich Wieland [with Ears WagnekJ (Her., 13;i0, 63, [li\, 
1343 — 1346).--Vvhen nitrogen peroxide is passed into a cold solu- 
tion of ethyl phenylpropiolate in light petroleum, colourless, pris- 
matic crystals readily separate, which rapidly decompose into the 
onmnal materials when lilteied. Analysis of the compound is 
ejKted by the addition of an unweighed portion of the material 
to iV/lO-potassium hydroxide solution in the presence of ether and 
subsequent estimation of the ethyl phenylpro- 
PbC==C'CUjEt piolate and the amount of alkali used and of 
: i potassium nitrite formed. It is thus shown 

NOj that one molecule of nitrogen peroxide is ab- 
i j sorbed for each molecule of ester, and it is 

PhLS=t3‘CO.jEt suggested that the molecules are united by 
means of the partial valencies of the acetylenic 
carbon atoms, as indicated by the annexed formula. 

[With E. ScHAMBERo.] — When the primary labile additive com- 
lound is allowed to remain overnight in contact with light petrol- 
ium, it decomposes into ethyl phenylpropiolate and a mixture of 
he stereoisomeric ethyl a/S-dinitrocinnamates, of which the modifi- 
]ation, almost colourless needles, m. p. eG'S”, has been isolated. 

H. W. 

Preparation of Tropic Acid from Ethyl Formylphenyl- 
aeetate. Jotioa von Brads (Ber., 1920, 53, \B], 1409).— Recently 
McKenzie and Wood (T., 1919, 115, 228) have found that tropic 
add can only be obtained in 16 — 30% yield by the reduction of 
ethyl formylphenylacetate with aluminium amalgam, and subse- 
quent hydrolysis of the tropic ester. This result does not agree with 
Jhe author’s experience, since he finds the yield of acid to be about 
i0% of that theoretically possible, whilst a half of the original eater 
emains combined with the aluminium hydroxide, from which it 
an be recovered by acidification and extraction with ether. The 
iiiierence is possibly to be ascribed to the use of insufficdently active 
iluminium amalgam. H. W. 

Esterification of Unsymmetrical Di- and Poly-basic Acids. 
KXIX. Esterification of A-Dimethylaminozsopbthalic Acid. 

tiKOLA Smodlaka (Monatsh., 1920, 41, 115 — 124. Compare W’eg- 
cheider, Malle, Ehrlich, and Skutecky, A., 1919, i, 76). — \-Melhyl 
Uiijdrogtn i~dimethi/lamino'i%Qphtha!atf‘,caUinr\e^s prisms orcrystal- 
iue powder, m. p. 180°, is formed by the esterification of the acid 
'ith methyl-alcoholic hydrogen chloride at the ordinary tempera- 
ure (preparative process) or by the hydrolysis of the normal ester 
n boiling aqueous methyl-alcoWic solution or with boiling .V/10- 
lydrochlorio acid (preparative method). 3-ifeth/l l-ht/drogen i-di- 
’‘fd’ylaminoisophthahte, colourless, shining leaflets, m. p. 190°, 
esnlts from the esterification of the acid with methyl alcohol at 
10°, from the action of methyl iodide on the normal silver or 
wtassium hydrogen salt, and from the semi-hydrolysis of the normal 

701 . cxvm. i. 
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1 a 1 sj>lutioii by means of potas&ium bydroxide 

or hydrogen fWonda The “ esterification of the acd 

from “f “VhvdrTerchloride, and from the behavioe, 

TiZZ salts rvhen distilled, in 

of (1) f^<i-ethykmlnobenzmc aad nn ^ 

j,-dinaethylamiuobenz^te 

ITmy exl o^^ng to lack of material. The experiment, h™. 
be lully exami K ^ dissimilat 

tat a transformation orrly oc^. a 

slight extent if at all. 

Esterification oi Unsymmetrical Di- and Poly^basic Acids, 
Estenticat 4-AcetylamiaOi.sophtnaUc Acid, 

XXX. Esierit , • iqoo 41 125—138. Compare Ww. 

Hermann Mbyek {MonaUlt-, 19^0, 4i, i ^ 

soheider Malle, EWi^ 

lllol tle's;mf.hydrolysi/of the normal sste 

TritLlkaU uiWieous or' ~ 

3-methvl l-ln/tlroqen 4 -iiret//lumfi>oisoplHhahte, m. p. 2b& , is 
obS by tire action of methyl iodide on the normal silver salt . 
th^irLence of methyl alcohol (the process does not, hoivever, ocor 
smolthlv and yields only 20% of the normal ester, a small amount 
oT*e h;diogen ester” and mainly the unchanged acid), or on tk 
notas^tium hydrogen salt (in ivhich case also sid^eartions orar 
potassium y o \ hvdroeen ester could not be isolattS 

frrm^^e^prb'ii'cts of the action of methyl alcohol on the aad at 
100“ or 120—130° or 200°, since under these conditions oss o 
carbon dioxide appears to take place with consequent formation . 
ra^tVatninobenzL acid. Similarly, the hydrogen ester could no 
L obtained by boiling the normal ester with dilute aqueous hjd to- 
chloric aow The institution of the esters follows from tk 
obrvatirthat.theisomeride, m. p. 218°, is transformed by bo. n? 
acetic anhydride into 

m n 172°, and since dehydration occurs by loss of water bet«« 
the^acetylamino- and the adjacent carboxyl group the estei ■ 
K-\ i-hfi 1 -methvl compound. 

'silver ^-oeeh/IarmnoisophthaMe forms a gelatinous mass; a si , 
hydrogeu salt could not be isolated. Pof«»sium 
l,nciopht!mIaU ’s prepared by the addition of 
hydroxide solution to a suspension of tho acid in methyl ali ^ 

Esterification of Unsymmetrical Di- and 
XXXI. Esterification of 4-Methylaminor.sophthahc 

Taub (Monatsh., 1920, 41 , 139-152. _ Compare 
scheider, Malle, Ehrlich, and Skutezky, A., 1919, i, 
ing abstracts).-l-M6thyl 3 -hydrc^en t-methylaminoiaophtea^ , 
colourless, delicate needles, m. p. 244— 24.j (deoomp.), 
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largei' quantity than the isomeric o-mtlhyl l-hydrogen i-mcthyl- 
Qjfiino\sf>ph.ih(iate by all the methods of esterification and seini- 
hydrolysisj the latter, colourless ci-ystals, ni. p. 220 — 221^^, Is pre- 
pared by the semi-hydrolysis of the normal ester or by the action 
of methyl iodide on the silver salt. The fonuer isomeride seems to 
be the only one produced by the action of methyl-alcoholic hydro- 
gen chloride or sulphuric add on the add ; in the absence of mineral 
acid methyl alcohol only causes slight esterification of 4-methyl- 
amiuo/>ophthalic add at 100°, whilst at 170° no trace of ester is 
produced, the add losing carbon dioxide and being converted into 
au anthraquinone dye, which was not further investigated. The 
action of methyl iodide on the 'polawiim hydrogen salt in the pres- 
ence of methyl alcohol yields mainly the add, together with small 
quantities of the normal ester and the» 1-methyl 3-hydrogen ester, 
whilst a mixture of add, normal ester, 1- and 3-Tnethyl hydrc^en 
esters (in whidi the former considerably predominates), is obtained 
from the silver hydrogen salt; the methylamino-group does not 
appear to undergo luethylation during this treatment. The hydro- 
lysis of the normal ester with methyl-alcoholic potassium hydroxide, 
aqueous potassium hydroxide, water, and with aqueous or methyl- 
alcoholic hydrochloric acid under varied conditions is described; in 
every case the hydrogen ester consists mainly of the 1 -methyl com- 
pound, the S-methyl isoraeride being formed in subordinate amount 
if at all. H. W. 

Esterification of Unsymmetrical Di- and Poly-basic Acids. 
XXXIl. 4-Nitrot5opbthaUG Acid and the Redaction of its 
Hydrogen Esters to 4-AniinoiirophthaUc Esters. Philipp 
Axeb (Monatsh., 1920, 41, 153 — 165). — The oxidation of 4-nitro-ffi- 
sylene by calcium permanganate leads to the formation of a mix- 
ture of 4-nitroj>ophthalio add, m. p. 255 — 256 5° (corr.), 6-nitro-m- 
toluic acid, yellow, silky needles, m. p. 218’5 — 219°, and small quan- 
tities of 4-iiitro-m-toluic add, m. p. 133 — 134'5° Potassivm hydro- 
gen A-nitroi^ophthalate is readily prepared as a white powder, spar- 
ingly soluble in water, by the mixture of solutions of equivalent 
amounts of the normal potassium salt and the free add ; the silver 
hydrogen compound could not be prepared. Methyl 4-n?froiso- 
phtkalate, yellow, rhombic crystals, a:6:c = 0*3875:0'3383:l, m. p. 
87— 88'5°, is prepared in about 80% yield by the esterification of 
the add with a mixture of equal volumes of concentrated sulphuric 
lacid and methyl alcohol. 1-Metkyl ^-hydrogen i-nitToi^phthaJate, 
well-formed, colourless needles, m. p. 153*5 — 154° (corr.), is most 
conveniently prepared from the acid and methyl alcohol in the 
presence of a smaller proportion of concentrate sulphuric add, 
and its constitution is deduced from its mode of formation. It is 
also obtained from the add and methyl alcohol at 100° in the 
absence of minera.! acid. Z-Metkyl \-hydrogen i-nitrohophthalate, 
powder, m. p. 192 — 194° (corr.), is most conveniently prepared by 
the semi-hydrolysis of the normal ester either by potassium hydr- 
oxide in aqueous methyl alcoliolic solution or by aqueous methyl- 

ff2 



i. 740 


AB8TBAC3TS OF C5HBMIOAL PAPBES. 


alcoholic hydrogen chloride. Potassium hydrogen 4-mtrowophthal. 
ate is not methylated by treatment with methyl iodide at ioo® 
during twenty hours. The add is partly transformed by methyl 
iodide in the presence of acetone and silver oxide into the normal 
eeter, but remains unaffected by methyl sulphate. The silver salt 
is quantitatively transformed by methyl iodide into the normal 
ester. 

1-Methyl 3 hydrogen 4 -nit.ro? 5 ophthalate is reduced by tin and 
concentrated hydrochloric acid to 1-methyl 3-hydrogen 4-amino. 
t'sophthalate, m. p. 221—222° (corn), the yield, however, being 
poor, and the product contaminated with much free amino-acid. 
Better results are obtained with the isomeric ester, which yields 
Z-meihyl \-hydrogen i-awinn\?^pkthdlatef colourless, crystalline 
powder, m. p. 228-- 230° (corr., slight decomp.). Methyl 4-amino- 
/^ophthalate, m. p. 127- 129° (corr.), is similarly obtained in good 
yield from the normal nitro-ester. H. W, 

Esterification of Unsymmetrical Di- and Poly-basic Acids. 
XXXIII. Esterification of Aminodicarboxylic , Acids. 

Rudolf Wegscheider {Monaish., 1920, 41, 167 — 183).— A 
theoretical paper which is devoted to a discussion of the results 
obtained during the investigation of the esterification of amino- 
carboxylic acids and the partial hydrolysis of their esters. 

The aminodicarboxylic acids and, so far as is known, other dicarb- 
oxylic acids which contain an imino-group or nitrogen atom as a 
member of an open chain generally conform to the rules whicb 
have been propounded for the formation of hydrogen esters. Tbe 
amino-groups must be assumed to cause steric hindrance, the un* 
substituted or alkylated amino-groups to have a positive and the 
acylated amino-groups to have a negative action. Less regularity 
is observed in the semi-hydrolysis; it not infrequently happens 
that the action follows different courses in alcoholic and aqueous 
solution, but, ou the other hand, it is immaterial whether hydro- 
lysis is effected by alkali hydroxide or by hydrochloric acid. In 
the semi-hydrolysis of the acylated amino-esters, the influence of 
the strength of the carboxyl group outweighs that of steric 
hindrance; on the other hand, these two factors do not appear 
adequate to explain the course of serai-hydrolysis of the esters of 
unsubstituted or i\^-alkylated amino-acids, particularly in aqueous 
solution. With regard to the other reactions, irregularities are 
only observed with '^Mnethylamino?>ophthalic acid (action of alcoiol 
on the acid in the absence of catalyst and of methyl iodide on tbe 
salts). It is quite possible that all these irregularities (including 
such as are observed during semi-hydrolysis) are to be ascribed to 
the participation of the amino-groups in the reactions. 

The following generalisations (which are not without exceptiou) 
are dr^wn from a consideration of the melting points of amino 
iso- and tere-phthalic adds and their esters: (1) Metl^lation at 
the nitrogen atom depresses the melting point (exceptions occur in 
the methylation of methylaminoterephthalic acid, l-metbyl 
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3 - liydrogen 4-amino>5oplithalate, and acetyIamino!soph,tlialio acid). 

(2) Acetylation at the nitrogen atom raises the melting point of 
those hydrogen esters in which the esterified carboxyl is in the 
ortho-pMition to the amino-group, but depresses it in the case of 
the acids (except methykminowophthalic acid), and to a slight 
extent in that of the acid estem of different relative position as 
well as m the instances of the dimethyl esters of aminoMophth’alic 
acid and methylaminoterephthalic acid, (3) Derivatives of 
t-aminoisophthalic acid have higher melting points than the corre- 
sponding compounds derived from aminoterephthalic acid. (The 
dimethyl esters of the amino- and acetylamino-acids form excep- 
tions.) (4) Among isomeric hydrogen esters of acetylated acids 
tie compound in which the esterified carboxyl group is adjacent 
to the acetylamino-group has the higher melting point; a s i milnr 
irregularity is not observed with the amino- and methylamino- 
acids, I 

Fnedal Md Crafts' Reaction: Nitrophthalic Anhydrides 
and AcetylammophthaUc Anhydrides with Benzew and 

A. LawRANCR (J. Amr. Chem 
Soc., 19f0 42, 1871— 1879).— 3-Nitrophthalic anhydride, when 
heated with benzene and aluminium chloride, gave a mixture of 
o'-Mtro-o-bemot/lbenzoic acid, m. p. 220—221° (decomp ) and 
ra-tiitro-o-benzo^lbenzoic acid, m. p. 157—160° (deconin ) 
2-Ethyl 1-hydrogen 3-uitrophthalate gave with thionyl chloride an 
««d c«o«dc m. p. 76-77° which with benzene and aluminium 
ch onde yielded o -nitro-o-henzoylbeuzoic acid. Similarly the 
.Monde of 1-ethyl 2-hydrogen 3-nitrophthalate gave m-nitro-o- 
benzoylbenzoic acid. 4-Nilrophthalic anhydride when submitted to 
Fnedel and Crafts reaction gave m-nitro-o-beuzoylbenzoie acid and 
,™itro-o.benzoylbenzoic acid. Under similar conditions 3-aeetvl- 
aramophthalic anhydride yielded m-amino-o-benzo^lbenzoic acid, 
m. p. 103—194 and o’ ■amino-o-bcnzm/lbemoic acid, m p 159— 
160 , together with some diphenyl- t-aminophthalide, m p 86—89° 

4- AcetyIaminophthalic anhydride gave m-amino-o-henzoylbeiizoio 

scici and p-amino-o-benzoylbenzoic acid. q. 

«-Naphtholphthaleins and its Ethers. W, ScHDLxvBERr 
fe, 1920, 53, FBI, 1445-1457),-As considerable doTt Sf" 

1 % to the constitution of the o-naphtholphthalein obtained by the 
randensation of phthaly] chloride with a-naphthol (compare 
"Tqk ^ Copisarow and WeizmLn, 

ittempted the synthesis of an undoubted <w'-naphtholphthalein. 

IM for this purpose has condensed a-naphtholphthaloylic acid 
Deiohler and Weizmann, A., 1903, i, 349) with a-naphthol in 
Wpliunc acid solution; the product forms colourless crystals, m p 
oi~J54 after previous darkening, and closely resembles the suh- 
ance described by Csanyi as the pyi'-isomeride, but differs widely 
foin the oo'-denvative described by Copisarow and Weizmann, to 
' ich the m_ p, 209—210° is ascribed. The mode of attachment 
! Me second naphthol group is elucidated by the conversion of 
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the substance into o-naphthafluoran. The same substance was also 
obtained in small yield by the interaction of phthalyl chloride and 
o-naphthol under milder conditions than those 4 ^ adopted, 
whilst no trace of an isomeric p-phthalem “" 1 ^* detected 

The condensation of pMhahe acid with a-iiaphlhyl ethers follows 
a different course. Thus phthalic anhydride and a-imphthyl methyl 
ether rea^b in carbon disulphide solution m the presence of alumin- 
ium chloride to yield ^-metJwTynavhthylphthaloyhc colour- 

less, acute prisms, m. p. 194° (the mdmm salt rhombic plates, 
and whhm salt, prisms, + 10H,O. are described), which can aUo 
be prepared from pbthalyl chloride and a-naphthyl methyl ether. 
The constitution of the acid is deduced from the extreme difficulty 
of effeolinf; its demetbylatioii, and. with greater certainty, from a 
comparison of its properties with those of the isomeric acid of the 
orthfrseries. Thus the former yields a normal wA a psewfo. 
methyl ester, colourless, rhombic plates, m. p. 96 , and needles, 
m. Ty.m° whilst the latter gives an ether ester, double py^unds, 

j,] p 117 119°, and an ether ncid, colourless needles, m, p. 179 

Finaily. when melted with potassium hydroxide the acid yields 
1 : 4 -hydraxynaplithoic acid, m. p. 178. 4-Methoxynaphthyl. 
pbthaloylic acid behaves as a weak acid, and is partly liberated 
from its sodium salt by carbon dioxide, and cannot be titrated 
with sodium hydroxide in the presence of phenolphthalein »s 
indicator ■ its behaviour indicates its existence in the desmotronic 
forms, CO.H-C„HpCO-Ci„H„-OMe and 




-cn- 

and this conception is supported by the isolation of the two methyl 
esters mentioned above. It suffers extensive decomposition when 
heated above its melting point, viekling, among other substances, 
a-naphthyl methyl ether, phthalic acid, a-naphtbaduoran ami e 
substance, pale yellow, hexagonal pnsms. m. p. 901—202 , v W 
was not further identified. It condenses with a-naphthyl nietlirl 
ether in the presence of concentrated snlohuno acid to give p-Kflp/c, 
thnlphlhnlem dimethyl ether, colourless, slender iiee/llee m, p. 

240 947 ^. wbicb cau bft obtaiue'l in 83% yield bv the pro- 

lonved interaction of phthalvl chloride and o-iiapbthyl metliv 
et’ er in carbon disulphide solution in the presence of a trace o. 
aluminium chloride at the ordinarv temperature. The isonienc 
omavhlhnlvhlhahin dimethyl ether is prepared by methylation ot 
the phthalein, and forms colourless, microscopic needles, m. p 

291°. . V, 

The results outlined above do not appear to harmonise reaPm 
with those obtained hv Coniaarow and Weizmann doe. cil.\ r* 
find that the action ot phthalvl chloride on a-naphthvl ethvl ettier 
produces, successivelv. n-l-ethoxvuaphlhnvlhenzoic acid. m. v 
l,5.n- 3.ud di-l-ethoxvnapht,hvlnhthalide. in. p. I69°- * 

anihor has therefore repeated the work, and has , 

diffftrent rosiiUs, since be finds the acid to melt at 166 ^ 
to have all the properties ot a para-derivative, since it beba7 
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towards concentrated sulphuric acid in precisely the same manner 

4'niethoxynaphthyIphthaIoyHe acid, and is converted by fused 
potassium hydroxide into 4-hydroxynaphthoio acid. Further, 
the naphtholphthalein ethyl ether did not melt below 298°j 
whilst the acid was indifferent towards dealkylating agents. 
1 :2-Naphtholphlhaloylic acid can be readily converted into 
d.l-ethoxynaphthot/lbenzok acid, irregnlar prisms, m. p. 145°, by 
treatment with ethyl sulphate and subsequent hydrolysis of the 
ftltjl ester, prisms, m. p. 89°, thus produced. H, W, 

Synthesis of 3 : 5-Dihydroxybenzaldehyde. F. Mauthseb 

(/. pr. Chem., 1920, [ii], 101, 93 — 96 ). — % :^-Dimethylcarhonaio- 
Ijtmaldehyde, m. p. 154 — 155°, is prepared by the action of 
hydrogen on a solution of 3 : S-dimethylcarbonatobenzoyl chloride 
(E. and H. 0. L. Fischer, A., 1913, i, 478) in dry toluene at 110° 
in the pre.sence of palladised barium sulphate. It yields a 
fj-nitrophenylhydrazone, red needles, m. p. 222 — 223°, and is con- 
verted by aqueous sodium hydroxide and subsequent acidification 
into ^-.b-dikydroxylemnldehyde, colourless needles, m. p. 
145 — 146°; the 'p-nilrophe.nyJhydrazone, which completely decom- 
poses, without melting, at 280°, and the xemicarhazone, long 
needles, m. p. 22.3 — 224° (decomp.), of the latter are described. 

H. W. 

Preparation of Piperonaldehyde from Camphor Oil. 

I, and II. Shoichiro Naoai (J. Chem. Ind. Tokyo, 1920, 23, 
56 — 79, 151 — 172). — The fraction of camphor oil, b. p. 220 — 230°, 
contains mainly safrole, eugenol, carvacrol, cadinene, and u-octoic 
acid. By further distillation of this fraction, treatment with 25% 
sodium hydroxide, cooling at -19°, and adding a few crystals of 
safrole, safrole could be completely crystallised out. Next, when 
300 c.c. of safrole are heated with 45 grams of potassium hydroxide 
(15 grams in each 100 c.c.) for five hours at 180 — 200°, 90% was 
changed into isosafrole. The method of oxidation of isosafrole into 
piperonaldehyde is discussed. Potassium dichromate and sulphuric 
acid gave the best yield, 47% of the theoretical value. When 
potassium permanganate was used, the yield was only 8%, most of 
the isosafrole being oxidised to piperonylic acid. The purification 
of piperonaldehyde is best effected by recrystallisation from 70% 
alcohol. Chemical Abstracts. 

New Reaction of Aldehydes. Rbmo db Fazi (Gazzetta, 1920, 
50, ii, 146—148. Compare A., 1916, ii, 457; Guglialmelli and 
Delmoii, A., 1918, i, 161). — Since fluorene resembles acenaphthene 
in giving a reddish-violet coloration 
/ \ with cyclic aldehydes in presence of 

\ / P) concentrated sulphuric acid, the 

author has initiated experiments to 

I / \ / ascertain if the condensation pro- 

/ \ ducts of fluorene with aldehydes 

are able to yield this coloration 
with the sulphuric acid. It is 
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found that, in presence of Bodium ethoxide, fluorene condense^ 
the ordinary temperature mth piperonaldehyde m-tolualdehyde, 

with piperonaldehyde, fluorene yields piperonylidenefluorene 
(forego ng formula). These condensation products to be described 
in detail later, give the above coloration in alcoholic solution with 
concentrated sulphuric acid. 

Constitution ol the Salts of Aminoacetojphenones. 

MiTSUEU Kuhasa, Heikichi Saito, and Akira Shimomura {Mem.. 
Coll Sci Kyoto, 1920, 4, 201-215).-A study of the absorption 
spectra of the diSerent salts of the three isomeric ammoaceto- 
phenoiies. The hydrochlorides of o- and p-ammoacetophenones 
Lth give coloured solutions in alcohol and these coloured salti 
show a new absorption band in the visible region. This » “ration 
is weakened if an excess of dry hydrogen chloride is passed through 
the alcoholic solution, and then the second band is no longer visib e, 
TO-Aminoacetophenone hydrochloride and p-dimethylaniinoaceto. 
phenone hydrochloride do not give coloured salts and their 
alcoholic solutions do not give an extra absorption band Itj 
considered that the coloured ortho- and para-salts are the quinonoid 
form and the colourless salts the hensenoid form, the change from 
one form to the other being of the keto-enol type. 

®-Dimethy!aminoacetophenone, m. p. 105 , was prepared by 
heating p-arainoacetophenone and methyl iodide in aqueous sodium 
hydroxide for several hours. It gave a hydroMondt m. p. 
147—148° (decomp.), and a picrate, m. p. 124 (decomp.h 


Preparation of 1 : 4 -Dimethylfluoreiione and Attempts 
to Transform it into a Derivative of Phenanthrone. 

Alfred Schaarschmidt and Johann Herzenberb (^er., 19 J, 
53 rsl, 1388—1398, Compare Schaarschmidt, A., 1917, i, 2io], 
—Various attempts to synthesise o-aminophenyl p-xyljl ketone are ^ 
described Thus, %p-tolnenesulphonylaminnphenyl p-xylyl ketone, 
aH,Me,-CO-Cf,H,-NH-SO, 2 -CcH,Me, small, colourless crystals, 
p, 107—108°, was prepared by the successive action ot phos- 
phorus pentachl’oride and aluminium chloride on jhtoluene- 
sulphonylanthranilic acid in the presence of p-xylene, but the 
p-toluenesulphonyl group could not be smoothly remoyed. 
Similarly, p-xyloyl- j-benzoic acid was converted successively into 
the chloride and amide, colourless needles, m. p. 149—150°, which 
could not be transformed into the amine in a satisfactory manner. 
Attempts to prepare o-nitrophenyl p-xylyl ketone by the action 
of o-nitrobenzoyl chloride on p-xylene in the presence of aluminium 
chloride and carbon disulphide were unsuccessful, resinous products 
being obtained. Finally, o-bromopAenyl p-xylyl ketone, colourless 
shining leaflets, m, p. 46°, was converted by alcoholic ammonia at 
180— i90° into oaminophenyl p-xylyl ketone, mainly obtained 
as a yellow oil which decomposed completely when distilled ; from 
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this, however, small amounts of pale yellow crystals, m. p. 
76 — 78“ to a cloudy liquid, which suddenly became transparent at 
88—90“, could be isolated. It was converted by diazotisation and 
subsequent treatment with copper powder into o-hi/druxy phenyl 
f-xylyl ketone (yellowish-brown, viscous mass, which was not 

further investigated), 2 : 5-dimethylbenzopheuone, b. p. 312 314“/ 

atmospheric pressure, and \ ■A-dimethylfluorenone 
(annexed formula), long, yellow needles, m. p. 108“. 
'When fused with potassium hydroxide, the latter 
yields an aeid, colourless needles, m. p, 145“ (the 
Silver salt is described), which, since it is not 
esterified by cold saturated methyl-alcoholic 
hydrogen chloride, and yields 1 : 4-dimethylfluoreu- 
one when treated with concentrated sulphuric acid, 
is considered to be 2 : 5-dim6thyldiphenyl-6-carboxyIic acid. 

The fission of substituted ring ketones under the influence of 
molten alkali hydroxide appears to take place quantitatively in 
one direction only, and the position occupied by the carboxyl group 
depends on the substituent already present. If the latter is Lidii 
in character, the new carboxyl group becomes located in the un- 
substituted benzene nucleus; if, however, it is basic (-NH, or 
-OH), the new group is attached to the already substituted nucleus. 
The latter seems also to be the case when a methyl radicle is in 
the ortho-position. H. \V. 


Anthracene. VI. Dasmotropy of the Reduction Products 
of Hydroxyauthraqumoaes. K.ukt ii. MaVEa and Aldekt 
Sander (Annalen, 1920, 420, 113—125. Compare A., 1911, i, 193), 
An investigation of the effect of the introduction of hydroxy- 
groups on the equilibrium between anthrone and anthranol forms. 

The reduction of 1-hydroxyauthraquinone to a substance con- 
sidered to be 1-hydroxyanthranol has been described by the Hbchst 
Farbwerke (D.R.-P. 242053); the absence of fluorescence from the 
alcoholic solution and failure of the substance to combine with 
bromine show it to be in reality l-hydroxyan throne, and this 
conception explains the observed ability of the compound to con- 
dense with isatin chloride or anilide, with the production of 
indigoid dyes containing the new group in the side nucleus. In 
alcoholic solution, equilibrium is attained in the presence of 3—4% 
of hydroxyanthranol. With 1 : 9-dihydroxyanthronp and 1-hydroxy- 
mthraquinol, equilibrium is set up when about 10% of the latter 
is present. In the cases of 1 :4-dihydroxyoxanthrone and l:4 di- 
hydroxyanthraquinol, the latter is found to pass with great readi- 
ness into the former, so that it appears, in general, that the 
tendency towards ketone formation is increased by the entrance 
of hydroxyl groups in the o-position in the side nucleus. 

The following individual substances are described: l-.'i-anlhr- 

anylene diacetate, CjH, <JJ,’^C,H3 (OAo) , colourless or pale 
yellow needles, m. p. 148 — 149°; the dibemoate, yellow 

if* 
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needles m p. 191° (from o-hydroxyanthrone and the requisite 
acid chloride in the presence of pyridine); 9-6romo-l. 

hydroxyanlhrone, yellow needles, m. p, 

273° (decomp.) after softening and darkening from 130°, which 
readily loses hydrogen bromide, and. on treatment with copper 
powder, gave a mhUance, m. p. 188-189°; l:% d>hydroxyanthrou. 
f, H / deep yellow needles, m. p. 135—137= 

(from the bromo^mpound and aqueous acetone) ; l-Aydro,rj. 
anthraquinot, dark olive-green needles, m. p. 204 206 , which 

undergoes autoxidalion with extreme ease; 1 : 4 : 9-tnhydroxy- 

anthrone, 

previous softening, which is best obtained by reducing a solulios 
of qiiinizarin in glacial acetic acid with tin and hydrochloric acid, 
and which has been considered by Liebermann to be l:4-dihydr^ 
oxyanthraquinol; the latter substance, prepared by reduction o 
quinizarin with zinc dust in alkaline solution and subsequert 
acidification, has m. p. 131-136°, readily underpes autoxidation 
passes into the ketonic form when recrystallisation is attempted, 
and is oxidised by an alcoholic solution of bromine to quimzarin. 

Purpurin, when subjected to reduction, is convertecHnto leuco- 
purpurin and a substance, CjjHrcO;,, m. p. 16-- 163 ■ "’hioh is 
transformed in alkaline solution into qumizarin, and has hence 
been termed leucoquinizarin I. It is now shown that it is pro- 
duced when leucopurpurin is boiled in acetic acid solution, that i 
is stable towards air and indifferent to an alcoholic solution of 
bromine, and, further, that its conversion into quinizarin by 
sodium hydroxide occurs in complete absence of air. It thereto 
appears to be 2-liydroxy-l ; 4-dikcto-l ; 2 : 3 : 4-tetrahydroanthr». 
quinol, and to be formed by the passage of leucopurpurin into thi 
ketonic form, the subsequent production of quinizarin being one 

to the loss of water. . 

Lieberraann’s ^hydroxyanthranol has been further examined, 
but definite conclusions as to the desmotropic relationships cannot 
yet be drawn; the stable modification, however, appears to be 
V H. \V. 

enolic. 


Anthracene. VII. The Alkylation of Anthranol. Kcm 

H. Meveh and Hans Schlossee {Atinalcn-, 1920, 420, 126—133), 
—In continuation of previous work (A., 1911, i, 195), the authors 
have studied the alkylation of anthranol by alkyl sulphates and 
alkyl haloids respectively. The former shows the greater tendencr 
towards the fornialiou of 0-ethers by direct exchange of the alkyl 
group for the metallic atom, whereas the latter cause alkylation in 
the nucleus to a much more pronounced extent. It is suggested tha 
a part of the alkyl haloid is added at the active double bond o 
authrauol, yielding 9-alkylanthrane, which is transformed in the 
alkaline solution into 9-alkylanthranol ; the latter can then read 
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furtlier with alkyl haloid, ons pc^n of it giving the 0-other, whilst 
another portion adds alkyl haloid and yields dialkylanthrone. 

Anihmml methyl ether, coarse leaflets; 

in. p- 94°, is prepared by the action of methyl sulphate and alkali 
on an alcoholic solution of anthrone; when dissolved in boiling 
benzene ■ and treated with phosphorus pentachloride, it yields 
\I)-Moroanthranol methyl ether, yellow crystals, m. p. 154°, whilst 
with bromine in carbon disulphide solution it gives W-hromo- 
finthranol methyl ether, colourless crystals, m. p. 145°. When 
treated with aqueous potassium hydroxide and methyl iodide, 
anthrone is mainly converted into methylanthranol methyl ether. 




•CaH 4 , m. p. 147°, together with very small quanti- 


ties of dimethylanthroue, m. p. 95°, which, according to the older 
observations of Hallgarten, is the main product of the change. 
Methylanthranol methyl ether is transformed by bromine in carbon 
disulphide solution into a-%tlibromomethylanthrone, 
n ij ^ “CO u 

yellow crystals, m. p. 135—140° (decomp.) after darkening at 120°, 
the constitution of which is deduced from its formation from 
raethyleneanthraquinone and bromine (following abstract). 

With ethyl sulphate and alkali, anthrone gives anthraml ethyl 
ether, yellow plates, m. p. 73°, which yields a very uiisLable bromo- 
derivative, and is converted by amyl nitrite in acetic acid solution 
containing a little hydrochloric acid into anthraquinoneoxime. In 
agreement with Goldmann’s data, anthranol is converted by ethyl 
iodide into diethylaiithrone, m. p. 135°, and 9-ethylanthranol ethyl 
ether, m. p. 84°. 

Anthrone is transformed by aqueous methylamine solution into 
}!-methylmeaoanthramme, ^ sulphur-yellow 


needles, m. p. 90° after softening at 85°; the hydrochloride forms 
pale yellow crystals, m. p. 225°. The action of methyl iodide on 
the base gives only unchanged material and anthraquinone, whilst 
the latter is obtained when methyl sulphate is used. H. W. 


Antliracene. VIII. Methyleneanthraquinone. Kuei H. 
Meveb {AnnaUn, 1920, 420 , 134— 136).— Simple TOethylenequin- 
oiies have been somewhat frequently described in the literature, but 
several of them have been shown by Pummerer and Cherbuliez (A., 
1916, i, 419) to be dehydropheiiols, whilst, more recently (A., 1919,’ 
i, 439), Pummerer has expressed the opinion that the remainder are 
more complex substances, which are probably also to be regarded as 
dehydrophenols. The author has now succeeded in isolating 

’’tcthyleneanthraquinone, by the condeusa- 

^ alkaline solution of anthranol with an excess of form- 
aldehyde. Tt forms stable, pale yellow prisms, m. p, 148°, and 

ff* 2 



i. 748 


ABSTEACrrS OF CmSMICAI. FAPBES, 
n^Untaneously add« bromine in c“»>on d^phide ^l^<m 

abstract). 

KetoS. 

The nresent communication describes an exte“n>° 

— me present co . .^gg gg^> prepared a 

^ToMhc es ™but inly observed their specific rotations for the 
^Xurn The ritatoi^ dispersions are no. recorded. The 

following .substances arc described. _64'15° ralS -80-92= 

Mcnthvl cyauoacetate, m. p. 8.T0, [o]t > L Jd , 

r'7l''’‘iTi.“o4 beTseie llenthyl ethylltoacetate, Hf -30-59” 

“ '-= far -75-60’. [«]'/- 98-39°. Menthyl diethylacek- 

b o' lfe-5 mm, i r 0-9638, W? -«-35’, [a]!?-55-68= 
’65-53’ S' S4 35’ inmbsunce,[ai? -40-39’, ^ -»-7;= 

-76-50’ in benaene. _ Menthyl improplmti,. 



'^'T^t ’ohT Jed tVom menthol and theethy^ 

could te „d diphenylbromomethaneand alcoholic sodium ethoxihe 
“Si Jld bLLed to occur between menthyl sodioacetoacet.le 

fal? - oo’oO , [aji, +1 I L^JHi! t r -loo r.].]v> 

/mpntlivl i-diphenylmethvlacctoacetatc has m. p. 90 , [ 4 . -->1 , 

Wg - /o 15’,f.]=4 78-04^ W-f 

The XtS'di:pi;t ’euy^sof the ddieoisome* 
^4i widely ‘from one another, and the i + Worm exhibits comph 
anomaly. Somewhat similar experiences are encountered wit 
benzylLtoacetic esters (compare Hupe and j!’ ,n 1 ’ 68’ 

most readily isolabi. ester is 

[4? - 94 05’, [aB - 1-21-21’, Wg. - 14»-6' . Hr - ™«. 

l-mmthtil Al-bmzyhicetQCcetaUi, m. p. 48 ol , L Jo , ,i 
wf -is-lO” [“li -65-20’. Hr -85-85’, is also obtained,^ J 
disler could not be isolated in the pure ^nthvl aceto 

benzylideneacetoacetate (from benzaldehyde and A , 

acetate in the presence of hydrogen chloride, thus givin^ | 
oUonde, needles, m. p. 118°, as intermediate product) has Ho » 
alg- -10-97’, Hf/ -13-66’, [«B -21-27’ in Wne soluW 
Ikenthyl diacetylacetoaeetate, colourless, odourless oil, b. p. J i — ' 
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11 mm., Df 1'0239 (the pile blue copper salt was analvaed’l, has 
U® -61'49‘’, [a]“ -79-56“ [«]“ -96-34“, [a]® -131 -32“ in sub- 
stance, [o]? -^51-84“ [a]® -66-88°, [a]“ -80-68°, [a]® -110-64° in 
tenzene solution. Attempts to prepare /-menthyl benzoylacetoacetate 
were unsuccessful. Menthyl benzoylacetale has (al? -50-95° 

[n] !f -64’39“, [o]u, -TB-IS-*, (a]“ -99-89° in benzene, whilst under 

similar conditione Z-menthyl benzoylbenzylideneacctate has 
u* - 61 -75°, [a]® - 78 62°, [al® - 93-69°, (a]® - 123-84°. Menthyl 
l-benzoylcmnamylacetate, 4:HFh:CH-CHj-CHBz-Ci),-C,.H,„ (Kupe 
aiidLenzinger,loc.cii.),has[a]® -67-41°, -86 08°, [aj® -102-18°, 

[a]p - 135-71°, but the diastereoisoraeric ester could not on this occasion 
be isolated in a sufieiently pure condition for polarimetric investiga- 
tion Msnthyl d-benzoylphenylacetateha-s falf + 13 73° fal® + 21 - 10 ’ 
Uj, +28-58°, [a]?' + 49-91° in benzene, [a]?’ - 43-89°, ’fal'g -58-91°’ 
["]*. -75-08°, [u]f - 93-67° in alcohol with one drop of piperidine. 
The dextrorotation is caused by the activity of the asymmetric 
complex of the acid preponderating over that of the menthol ; in 
alcoholic solution, however, the ketonic rapidly passes into the enolic 
form, thus destroying the asymmetry of the carbon atom in the acid 
portion of the molecule and leaving an activity entirely due to the 
presence of the menthyl group. Menthyl dibenzoyiaceiate, colourless 
needles, m. p. 138-5—139°, has (al? -49-.58°, ral?: -64-07° 
[.]^. - 76-88°, [al® - 104-18° in benzen^ ^ ^ ’ 

The ethyl menthyl acetylsuccinatea have also been investigated. 
The o-e.«er, €0,Et OHj-CHAc-dOj-CmH,,, prepared from menth-yl 
acetoacetate and ethyl ohloroacetate in the presence of alcoholic sodium 
cthoxide, has b. p. 192—19579 mm., 111-11270-1 mm, D“ 1 0295 
-67-24°, [a]® - 87-97“ in .substance, 
.. ■4.0-59 , [a][> - 57 80 , [oJSj -67-99°, [aJJ’ -89-38° in benzene 
solution; the jd-ester, CO,Et-CHAc-CH.,-(JO,-(J„H,^ from menthyl 
chloroacetate and ethyl sodioacetoacetate, is a colourless, viscous oil 
b,p.200— 202°/12 mm,, 116— 1 177c(t. 0-1 1-0267, foTr? - 38-77°’ 

[o) p -48-80°, [a]®, -57-45°, [o]f -74-02° in substance, la]?? -40-94°’ 
[“]» --51 '59°, [a]®, -6il-68°, [a]?' -78-29’ in benzene. The product 
obtained by heating a mixture of meiitliol and ethyl acetylsuccinate is 
a mixture of 90% of the a- with 10% of the /3-ester. 

The euol content of several menthyl esters has been determined 
by Meyer’s method of titration with bromine. The following per- 
centages of enol are thus found, the figures for the corresponding 
brackets; menthyl' acetoacetate, 
?J7% (7-71%); menthyl ethylacetoacetate, 1-69% (3-1%); menthyl 

acetylsuccinate, 0-65% 
lii /o). Menthyl be:nzoy!acetoacct.-ite and menthyl benzoylphenyl- 
acetate do not unite with bromine. 

On the b^s of the present, and previous communications, the 
uthon are led to distinguish four types of abnormal rotatory dis- 
L- anomaly of a mixture of t'wo substances with 
fp^ -^Titles (Tschugaev’s extramolecular anomalous disper- 
7; (u) total anomaly of a compound containing two different 
l^metnc complexes, one of which is dextro-, the other Isvo-rota- 
. (iscnugaOTS intramolecular anomalous dispersion); (iii) the 


[« n 
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rotatory dispersion curve does not pass through a maximum or 
minimum, neither does it approximate to a horizontal line, but 


X. and y\,i’ differ widely from the normal values and 




gives 


bent or zig-zag lines (complex rotatoiy dispersion of Lowry and 


Dixon); (iv) apparently nonnal course' of the enn^es and 

gives straight lines, but and XJ' diifer greatly (at least ± 15 nfx fof 
the former) from (he normal value for the particular class of 
compound (relative anomaly). 

The paper contains a criticism of the proposal by Lowry 
and Abram (T., 1919, 115, 300) to delete the “relatively 
abnonnal” classification; the author considers that suffi(ient sub- 
stances are known, in which differs by 15 — 60 and by as 
much as five units from the normal figures for the class of subst^auce 
without, however, exhibiting complex anomaly, to justify a separate 
classification. H. W. 


The Alcohols of the Hydroaromatic and Terpene Series, 
in. woPulegoL Roreet Howson Pickard, Harold Huntbr, 
William Lewcock, and Hanm.\h Smith de Pennington (T., 19'’0 
117, 1248—1263). 

l-Hydroxy-2-benzoylcamphor. A. L. W. E. van dbr Veen 

(Zeitsch. Kryst. .V^c., 1920, 55, 627). — Colourless, sharply 
developed crystals 1 cm. across were crystallised from a wariii 
solution in light petroleum. D L242; iii. p. 95°. The symmetry- 
class is rhombic-bisphenoidal, as shown by the distribution of the 
faces and by etching; /r: 5 :c=0'6535 : 1’0247 ; 1. Optical data 
are given. Owing to the strong dispersion of the optic axes, 
brilliant colours are seen in parallel light hetw’een crossed niccb 
when viewed along an optic axis. L. J. S. 


Essential Oil of Perylla nankinensis, Dene. 8 ei,!i 

Furukawa and Zrnjiro Tomizawa (J. Chem. Ind. ToJcyo, 1920, 
23, 342 — 363). — The formation, distribution, transformation, and 
chemical composition of the essential oil of FerylJn r\ankwtnm. 
Dene, were investigated. The oil and its ]iarent substance 
(glucoside) are formed in the leaves only, but are later transported 
to the ear. and radiate from the sepals, the radiation being the 
most active during the flowering time. Both the oil and glucosides 
accumulate in the (caves gradually until the ears appear, and then 
remain constant until the beginning of the flowering time. With 
the appearance of the ears, the glucosides begin to decompose, 
finally disappearing after flowering. The oil distilled from the 
fresh plants at different stages of growth shows a gradual increase 
in aldehydes and decrease in ester until the end of the flowering 
lime, whilst the oil from dried plants shows the reverse. The 
iiolubility of the oil decreases with the growth of the plants. To 
convert the glucosides into oil, the plants must be dried at low 
temperature to avoid decomposition of ©HBjine, which causes 
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resinification and decrease of solubility of the oil. The essential 
oils contain 20 30% of f-limonene, 44 — 57% of perillaldehyde, and 
a little o-pinene. The various derivatives of perillaldehyde were 
prepared and their properties studied. Perillaldehyde has b. p. 
237°, 0'9675, [al^ —145*8°. The a.un(i-aldoxime of the 

aldehyde, colourless crystals, has m. p. 102°, and is exceedingly 
sweet, being two thousand times as sweet as sugar and four to eight 
times as sweet as saccharin. The hydrochloride of the oxime, 
unstable, white crystals, has m. p. 114°. The ^-syn-aldoxime, 
colourless, triclinio prisms, has m. p. 129°, and is not sweet. The 
phenylhydrazone, silky needles, and semicarbazone, colourless 
crystals, have m. p. 107*5° and 190 — 199° respectively. Perillo- 
nitrile, CgHj^-CN, has b. p. 123°/15 mm. and D's 0*9488 — 0*9490, 
and is one-half as sweet as saccharin. Perillic acid, m. p. 
132 — 133°, yields an amide, CnH,g*CO‘NH.,, colourless crystals, 
ni. p. 164 — 165°. Perilla alcohol, b. p. 118 — 121°/11 mm., 
D 0*9690, forms an acetate, b. p. 123— 124°/13 mm., D 0*9800. 

Chkmical Abstracts. 

p-Cymene as a Solvent. A. S. Wheeler (/. Amer. Chem 
Soc., 1920, 42, 1842 — 1846). — Spruce turpentine consists largely of 
p-cymene, and for the isolation of the latter, air at the ordinary 
temperature is first drawn through the turpentine for ten hours, 
and then the turpentine is distilled with superheated steam in an 
apparatus arranged so that the vapours pass first through a 30% 
solution of sodium hydroxide and then into the condenser. The 
distillate is purified by shaking it with a 5% solution of sodium 
hydroxide, and then distilling it over sodium. So prepared, 
p-cymene has b. p. 176 — 176*5° and n'-*5 1*4905. 

The solubilities of a whole series of organic compounds in this 
solvent have been determined, and are tabulated. Pure p-cymene 
containing a trace of p-anisidine only slowly turns yellow when 
exposed to light, whereas an impure specimen turns red. W. G. 

The Acceleration of Vulcanisation. I. D. F. Twiss and S. A. 
Brazier (./. Soc. Chem. Ind., 1920. 39, 125— 132t).— The 
temperature-coefficient for the vulcanisation process has approxim- 
ately the same value for a mixture of rubber and sulphur as for 
a similar mixture containing aldehyde-ammonia as catalyst. The 
progress of the reaction is illustrated by curves .representing the 
rate of attainment of a maximum tensile strength, the gradual 
decrease in extensibility, and the increase in the proportion of 
sulphur in combination with the rubber. Results are quoted of 
experiments using other substances as catalysts, and it is shown 
that m-phenylenediamine is less active than p-phenylenediamine. 

D. F. T. 

The Acceleration of Vnlran'eation. 11. A Discon- 
tinuity in the Effect of Vulcanisation. D. F. Twise and 
C. W. H. Howson (J. Soc. Chem. Ind., 1920, 39, 287 — 289t). — 
The effect of 1% of “'light" magnesium oxide in accelerating 
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vulcanisation is approximately equal to that of 0'5% of potassium 
hydroxide introduced as a solution in glycerol, Mercuric oxide 
also exerts a distinct catalytic effect. When 1% of hexamethylene- 
tetramine is used as a catalyst in the presence of 1% of zinc oxide 
■the extensibility of the rubber does not decrease steadily, in the 
normal manner with progressive vulcanisation, but, after an initial 
decrease, suddenly begins to increase; after a brief period of this 
abnormal behaviour, a maximum is attained, and the rubber then 
resumes the normal decrease in extensibility. D. F. T. 

Constitution of Catechin. II. Maxihiliar Niebenbtsfk 
(T,, 1920, 117, 1151—1156). 

Tannins. V. Phloroglocino! Tannins and Catechins. 
Constitution of Gambier Catechu. Karl Frkudbnbkro (Ber, 
1920, 53, [/?!, HIG — H27V — The author classifies as catechins a 
number of substances which contain two benzene nuclei, one ot 
which is phloroglucinol, whilst the other varies, but is commonly 
catechol. They are distinguished from the flavone dyes and 
anthocyanidins by a higher hydrogen content. They are colour- 
less, form colourless lead salts, and do not unite with mineral acids. 
They are sparingly soluble in cold, freely in hot, water. They 
give the pine-shaving reaction with phloroglucinol and yield 
characteristic azobenzene derivatives. Their most characteristic 
property is their ability, in the presence of ferments or mineral 
acids in hot aqueous solution, or even when dried, both in presence 
and absence of atmospheric oxygen, to condense to amorphous 
tannins, the simpler members of which are colourless and soluble 
in water, whilst the more complex derivatives are insoluble and 
more or less coloured. This classification includes, not only the 
three ordinary catechins, but also substances such as cyanomaclurin, 
aromadendrin, colatin, cacaole, and others. When, now, the 
catechins are grouped together as phloroglucinol tannins, their 
behaviour is found to vary fi'om member to member in precisely 
the same manner as that of the nearly related flavone dves, antho- 
cyanidins, and phenyl styryl ketones, so that the whole series 
appears to be similarly constituted. It is therefore the more 
remarkable that the only catechin which has been closely investi- 
gated should have had a formula assigned to it (von Kostanecki, 
A., 1907, i, 73. 334; 1908, i, 86) widely different from that of the 
natural dyes mention d above, since it is considered to be derived 
from an ethyldiphenylmethane, whilst the latter are derivatives of 
ay-diphenylpropane. By the action of sodium and alcohol on 
catechin tetramethyl ether, followed by further mcthylation, von 
Kostanecki has obtained a pentamethyl ether which he considered 
to be 2:4:6- trimethoxy-3-ethyIphenyl-3' : d'-dimethoxyphenyl- 
methane, but wliich is now shown to be pentamethoxy-oy-diphenyl- 
propane. Von Kostanecki’s formula for Gambier catechu is 
therefore abandoned in favour of one of the alternative formulse, 
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of which the author inclines to the latter, since the colour reactions 
of the tetramethyl ether resemble those of the coumarans. 



The preparation of veratraldehyde from protx)catechualdehyde is 
fully described, as is also that of phloroglucinol trimethyl ether 
(the latter is conveniently obtained by preliminary treatment of 
phloroglucinol with methyl alcohol and hydrogen chloride, followed 
by complete methylation with methyl sulphate or by the action 
of heat on trimethylcarbonatophloroglucinol, b. p. 195—200®/ 
Volmer pump vacuum). The phloroglucinol ether is converted 
into trimethylphloroacetophenone, which condenses with veratr- 
aldehyde to 2 :4 ;6-triinethoxyphenyl .3':4'-dim€thoxystyryl ketone 
(compare Tutin and Caton, T., 1910, 97, 3062). On reduction 
with hydrogen in the presence of platinum, the unsaturated ketone 
is reduced to 2 : 4 ; 6 : 3' : d'-peutamethoxy-cy-diphenylpropane, 
colourless, rectangular crystals, ra. p. 87 — 88®, which is identical 
in all respects with the ether obtained from Gambier catechu by 
Kostanecki and Lampe {he. cit.). for which, however, these authors 
found a somewhat lower melting point (compare Nierenstein, T., 
1920 , 117, 971. 1151). H. W. 

Lignin. III. Preparation of a Tannic Acid from the 

lignosulphouic Acids. Max and Walter Fuchs 

{Monatih., 1920, 41, 215—223. Compare this vol., i, 291). — 
When aqueous solutions of the barium salts of the three fractions 
of the lignosulphonic acids are boiled with saturated barium hydr- 
oxide solution, they yield insoluble precipitates and readily soluble 
substances. The former differ from one another, and their com- 
position has not yet been elucidated; they are all readily oxidised 
by alkaline permanganate, but the only product which could be 
characterised definitely was oxalic acid, obtained from the first 
fraction. The soluble substances, on the other hand, appear to 
be identical with one another, and the analytical results are in 
agreement with the formula CjsHj{ 90 ,„SBa, so that they are prob- 
ably derived from an acid, 'OMe*CjfiH27O4(S03H)’CO2H. The 
aqueous solution of the salt gives greenish-grey, green, and white 
precipitates with iron chloride, copper chloride, and lead acetate 
respectively, and voluminous precipitates with quinine hydro- 
cMoride and gelatin; it is almost quantitatively precipitated by 
formaldehyde and hydrochloric acid. About 70% of it is absorbed 
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from acid solution by hide powder. The substance therefore 
has all the properties of a tannic acid of the ratechu group, wit}, 
such modifications as are caused by the sulphur content; when 
fused with potassium hydroxide, it gives protocatechuic acid m 
good yield. 


Thionaphthen in Coal Tar. R. Weissgerbee and 0. Kedesb 
(Ber. 1920 53, riil, 1551 — 1.665).- -The presence of thionaphthen 
in co’al tar’ has frequently been susp(*ted particularly since its 
investigation by Gattennaiin and Lockhardt (A., 1894, >. 92) and 
subsequently by Bezdrik. Friedliinder, and Koeniger (A 908, 
i 200) has shown that it is extraordinarily like naphthalene, 
but up to the present all the efforts which have been made to 
identify it have been unsuccessful. This, however, has now bera 
accomplished in the following manner, the method adopted being 
in the first instance similar to that used by V. Meyer for tie 
isolation of thiophen. Crude naphthalene is sulphonated with j 
greatly deficient amount of sulphuric acid at 90 I'JO , and the 
sulphonated product is decomposed with steam in the presence of 
a little sulphuric acid at 145°. The product has m. p. about 73“ 
and contains 2-3% of sulphur. Repetition of the process gives 
a material containing about 5-6% of sulphur, which can be 
increased to 12—14% by freezing out the uaphthalene. Ihe pro- 
duct obtaineii in this manner is dissolved in glacial acetic aciJ 
and treated with hydrogen peroxide, when thionaphthen-S-dicxide, 
long needles, m. p. 142°, is obtained, which is identical in all 
respects with the synthetic product. The actual isolation of thio- 
naphthen from “enriched” naphthalene has been effected by fte 
use of Friedlander’s mercuric acetate method (loc. cit.), but it is 
essential to guard against undue rise in temperature during tbe 
action, which can be readily effected by working with methyl- 
alcoholic solutions. By a similar process of partial sulphonatioo, 
followed by use of mercuric acetate, it has been found possible to 
isolate thionaphthen from technical "pure” naphthalene (cm- 
taining O'S— 0-4% S), about 2 grams of the substance hem: 
obtained from 80 kilos, of naphthalene. 

The industrial preparation of thionaphthen from cruaE 
naphthalene has also been investigated. Tt is found that thio- 
naphthen is converted by sodium at 100—120° in^p a yellowish 
brown sodium compound, which can readily be freed from adherMt 
impurities by wa.hing with benzene, and which decomposes, will 
re-formation of thionaphthen, when treated with ice-cold water; 
the yields, however, leave much to be desired, and the heatmy 
requires to be very carefully regulated. Far better results an 
obtained when sodamide is ushd (in the proportion of two 
to one molecule of thionaphthen); reaction is complete at W- 
and practically the whole of the thionaphthen is liberated bi 
water, the simultaneous formation of sodium sulphide appeariM 
to be ayoided. The process is applicable to '‘enricleil 
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naptthAlene, and it is further found that the pre-formed sodamide 
mav arith advantage be replaced by sodium and dry ammonia. 

The constitution of the sodium compound is discussed, but a 
definite conclusion is not reached. The ]jossible desmotropic forms 
all contain a reactive methylene group, the presence of which 
cannot be established by the usual reagents, such as aromatic 
aldehydes, nitrous acid, or ethyl oxalate, which are indifferent 
towards thionanhthen. Under special conditions, however, the 
latter reacts with magnesiuiu ethyl bromide, giving a compound, 
which is decomposed by carbon dioxide into t,hionaphthen-2-carb- 
oxylic acid, m. p. 236*^ (see laterV At least one hydrogen atom 
must therefore be regarded as labile, and it must be assumed that 
the presence of the sulphur atom thus influences the neighbouring 
hydrogen atom, since substitution occurs preferably, and some- 
times exclusively, in this position. 

The action of carbon dioxide on sodium thionaphthen suspended 
m an indifferent solvent, such as toluene, gives rise to a mixture 
of the sodium salts of thionaDht,hen-2-carhoxvlic and -2 : 3-dicarb- 
oxvlio acids, which can be separated by taking advantage of the 
widely differing acidities or hv fractionation of their esters. The 
latter acid has been described previously, and the former is 
orientated by converting it through its aside into the well-known 
a.hvdroxvthionapbthen. It annears that the product obtained bv 
fusion with sodamide consists of about two-tbirds monosodium- and 
oiie-third disodium-tbionaphthcn. 

The following individual compounds are described: methyl 

thwnaphth€n‘2-carhorpJofey coarse prisms, m. p, 72 73° b p 

171°/14 mm. ; ethyl fhioiM7ihlheii-2-carho:n/late. indistinct crystals, 
m, n. 36—37®, b. p. 181 — 183°/vacuum; thimaphthen-^-cnrhomilir. 
,K-d. colourless, slender needles, m. ii. 236® {chhride, colourless 
leaflets, m, p. S8-89®. b. p. 17.3-17n®/19 mm.: omide, slender 
needles or leaflets, ni. p. 177°; In/drnzide, colourless, shining 
leaflets, m. p. 184 — 185°: mn!/-. long. colourle,ss needles, m p 108° 
fderomp.H; urethane of 2-ttminofIiinimphlhen, yellow crystals, 
m. p. 161°; 2-hvdroxvfhiona)ihtheii, m. p. 34 -35° (the acid is 
not identical with that prepared by Friedlander and Link from 
e-inercaptobenzaldehyde and chloroacetic acid, which has m. p. 
114°. and is designated thioiianhthen-2-carboxylio acid bv these 
authors); methyl tJi!oimphtheii.2 -.^-dicarboxylaU. long colourless 
prisms, m. p. 91°, b. p. 213— 215°/18 mm.: thionaphthen-2 : ,3- 
dicarboxyhc acid, ni. p. 250— -251°; thionaphthen-2 :Z-dknrhoxylh- 
nnhjdride, pale yellow needles, in. p. 171°; lhiojmphthen-2-mrh- 
oujamido-l-carhoxylir arid. C„H, short, 
colourless needles, in. p, 221° (decomp.), and thionaphthen-?.- 
'■arhoTyam,idn-2-carho.iylK arid. C-CO.TT. 

short needles grouped in rosettes, m. p. 193° (decomp.), are 
0 ained by the action of methyl-alcoholic ammonia on the 
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anhydride, and are separated by fractional crystallisation from 
glacial acetic acid. Their constitution is deduced by degrading 
them by Hofmann’s method to the corresponding amino-acids, and 
warming the latter with dilute sulphuric acid, whereby they are 
convert&i into 2-hydroxythionapbthen, m. p. 34 — 35°, and 
3-hydroxythionaphthen, m. p. 70°, respectively. Thionaphthen. 
I'.Z-dicarhoxylimide, golden-yellow leaflets, m. p. 236 — 237°, Jj 
prepared by healing either of the acid amides at 200 — 220° until 
evolution of water vapour ceases, or, less advantageously, by heat- 
ing the anhydride in a current of ammonia or by melting the 
anhydride with the calculated amount of carbamide. Degradation 
of the imide by Hofmann’s method yields exclusively 3-hy'droxy. 
thionaphthen, so that thionaphthen can readily be converted into 
thioindigo-red through thionaphthen-2 :3-dicarboxylic acid. 

H. W. 

Additive Compound of Cinchonine and Cacodyl Chloride, 

L. C. Maillabd and E. Mublav {Bull. Soc. chim., 1920, [iv], 27, 
756 — 769). — Cacodyl chloride combines directly or in chloroform 
solution with cinchonine to give a compound, 
and the crystals obtained from chloroform solution contain two 
molecules of the solvent. This compound is immediately decom- 
posed by water, and cacodyl oxide is obtained. If the compound 
is decomposed by commercial ether, the anhydrous basic hydro- 
chloride of cinchonine, C, 9 Hj;ON,,HCl, is obtained in a crystal- 
line form. In the additive compound described above, the chlorine 
may be estimated directly by addition of nitric acid and silver 
nitrate. W. G. 

Froteinogenous Amines. VI. The Preparation oi 
Histidine from Blood Corpuscle Paste. Milton T. Hanki 
and Kael K. Koessleb {./. Biol. Chem., 1920, 43, 521—526).— 
The authors describe in full detail a process for the preparation of 
histidine from blood corpuscle paste ; an average yield of 15 grams 
of pure histidine dichloride is obtained from 500 c.c. of the paste 

J. C. D. 

Preparation of Compounds of the Morphine Alkaloids 
with a Derivative of Barbituric Acid. Society of Chemical 
Industby in Basi" (D.R.-P, 322335; from Ghem. Zentr., 1920, 
iv, 392). — The alkaloids of the morphine group or their deriv- 
atives, either in the free state or as salts, are allowed to react witl 
diallylbarbituric acid in the presence of a suitable solvent or 
diluent if required. The following compounds are described: 
morphine-dtallylharUiuric acid, needles, m. p. 258°; diacetyl- 
morphine-diallyllarhilurk add, colourless crystals, m, p. 186°; 
ethyltn^phinc^uiUylharhitv/ric add, crystalline mass; dlyl- 
mofphmc sulphate, m. p. 171°; cdlylmorpkine-diallylharliturk 
add; coddne-diallylharhituric acid, m. p. 106°; dihydromorphm- 
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^iallylbarbiiuric acid, m. p. 125°; dihydroeodeine-diailiflharbituru 
acid, m. p. 96°. g ^ 

Codeine. Martin Fbeond, W. W. Meleek, and Erich 

SCH1E9INGER {J . pr. Chcm., 1920, [ii], 101, 1—37).— During 

recent years, doubts have been cast on the validity of the formula 

(I) proposed for 

OMe^^ OMe-' codeine by Knorr 

and his co-workers, 
by Gadamer and von 
Braun (A., 1914, 
i, 1138), and the 
alternative formula 

(II) has been put 
forward by Freund 
(compare Freund 
and Speyer A,, 
1916, i, 738). 

A series of 
attempts to gain 
further insight into the problem is now described; those starting 
from dihydrocodeine or chlorodihydrocodide did not furnish the 
desired information, but better results were obtained with deoxy- 
codeine (Knorr and Waenlig, A., 1917, i, 957) as initial material. 
This substance is reduced by sodium and alcohol to a compound, 
which has been described by the latter authors as dihydrodeoxy- 
codeine, but which is now shown to be a tetrahydro-derivative; 
when, however, it is acted on by palladium and hydrogen, an 
isomeric tetrahydro-derivaiive is produced, the formation of which 
cannot be accouuied for on the basis of Knorr’s formula, but which 
is readily explained by the authors’ modification thereof. 

Dihydrocodeine, m. p. 86—88=^ (Oldenburg, D.R.-P, 260233, 
gives 62 63°), is unaffected by treatment with sulphuric and 
chromic acids under varied conditions, but is transformed by con- 
centrated nitric acid in glacial acetic acid solution into nitrodir 
hydrocodetne, yellow, crystalline powder, m. p. 221°. Dihydro- 
codeine methiodide, m. p. 257° is readily obtained from its com- 
ponents, and is converted by dilute potassium hydroxide solution 
into dt-'\^-mtthyldihydrocodeine, which could not be caused to 
crystallise, but which was readily converted into 
dihjdrocodeine methiodide, colourless leaflets (+^1120), m. p. 
173—176° (decomp.) after softening at 170° (the perchlorate of 
the base has m, p, 201 -202°). Dihydrode-^-methyldihydro- 
codeine is obtained as a pale yellow, non-crystallisable syrup by 
the reduction of de-.Y-methyldihydrocodeine by hydrogen in the 
presence of palladium, and yields a methiodide, yellow powder, 
m. p. 219 — 221°, from alcohol or glacial acetic acid, colourless rods, 
111' p. 221 — 224°, from water. The methiodides evolve trimethyl- 
amine abundantly when treated with concentrated alkali hydroxide, 
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but the correspontlmg nitrogea-free bases are too readily 
decomposed to permit their isolation. ^ 

Tn the hope of obtaining better results with an analogous suh 
stance in which the hydroxyl group is not present, dihydrocodei^^ 
has been converted by phosphorus pentaehloride in chloroforn} 
solution into chlorodihydrocodide, plat^, m. p. 172 — 174°, which 
is transformed by hydrogen peroxide into chlorodihydrocodidt 
amino-ornde, colourless leaflets ( + 3 H 20 )> m. p. 214*^ (decomp.) 
which yields the original material on treatment with sulphurous 
acid, and by nitric acid in hot glacial acetic acid solution is con- 
verted into a substance, C 2 JH 24 O 5 N 2 CI [ ?], pale yellow, crystalline 
powder, m. p. 223- 224^, the constitution of which was not further 
elucidated. Ghlorodihydrocodide methiodide, small, colourless 
matted needles, m. p. 244° (decomp.), is prepared from its com- 
ponents, and is converted by potassium hydroxide into de-N-methyl 
chlorodihydrocodide, m. p. 103° after previous softening, which 
combines with methyl iodide to give de-il-methylchlorodihydro- 
codide jnethiodide, colourless needles, m. p. 272^^; the correspond- 
ing nitrogen-free base was too unstable to permit its isolation. 
De-iV-methylchlorodihydrocodide is reduced by hydrogen in the 
presence of palladium to dihydrode-'i^'methylchlorodikydrocodide, 
which could not be caused to crystallise, but which readily yields 
dihydrode- N • mrfhj/Ichlorodihydrocodide methiodide, colourless, 
slender needles decomposing at 290 — 291°* the latter is decom- 
posed by boiling alkali, with evolution of trimethylamine and 
simultaneous decomposition of the nitrogen-free substance. 

o-Chlorocodide is reduced by hydrogen in the presence of colloidal 
palladium to a-diJiydrodeoxycodehte, which could not be caused 



to crystallise; it yields an oily /!.yd^ 
iodide, methiodide and perchloratt, and 
H solid, but amorphous, picrate, auri- 
chloride, and platinichloride. 

Dihydrode.o.rycodeAnt (HI), coarse, 
crystalline plates (•fO’oH.jO), m. p, 
117—119°, 88-71° in alcoholic solu- 

tion {hydriodidc, pale brown needles, 
m. p. 245°), is prepared by the electrolytic 
reduction of chlorodihydrocodide at a lead 
cathode, or in a similar manner from 
a- or i3-cbIorocodide or from deoxy 
codeine; the base obtained from l 3 -chloro- 


(III.) codide, however, had ra, p. about 

126 — 130° after previous softening. The 
phenolic character of the base derived from deoxycodeine is par- 
ticularly established by the isolation of the methiodide of the 
methylated base, long, flat needles, m. p, 245°. It would appear 
that deoxycodeine is not formed, as Knorr and Waentig {loc. cit.) 
suggest, by simple replacement of the hydroxyl group by hydrogen, 
but that it is formed by fixsion of the oxygen bridge. 

Deoxycodeine hydrochloride is obtained by a modification of Ihe 
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of Knorr ant) Waentig (lor. c/V.), and is reduced by 

hydrogen in aqueous 
solution in the 
presence of palladium 
to P-tctrahydrodeosy- 
codeine (IV); the base 
crystallises from 
methyl or ethyl alcohol 
in six-sided leaflets 
(j 1 molecule of 
solvent), m. p. 147 — 
148°; it is feebly 
Isevorotatory in 
alcoholic solution. The 
hydrochloride, m. p. 
about 262° (-flEtOJI), the hydriodide, long needles (-(-HjO), 
m, p. 240 — 241°, and the methiodide, m. p. 263°, are described. 
All attempts to hydrogenate the base further were unsuccessful. 
The .V-jnethyl group could not be removed by means of cyanogen 
bromide. The presence of Ihe hydroxyl group could not be estab- 
lished by the help of acetic anhydride, benzoyl chloride, or chloro- 
iicctyl chloride, but. the base is converted by methyl sulphate and 
sodium hydroxide into methoxytetrahydrodeoxycudeme, which was 
identified as the methiodide, prisms, m. p. 2.53 — 2.36° after previous 
softening; the latter is converted by very concentrated potassium 
liydroxide solution into de-Tci-methylmrlhoxytetrahydrodeoxy- 
codeine, pale yellow oil, which yields a hydriodide, small rods, 
in, p. about 185° alter softeuing from 175°, and a methiodide, 
prismatic rods, m. p. 188° after softening at 185°. The action 
of concentrated potassium hydroxide solution on the methiodide 
leads to the copious evolution of trimethylamine and the form- 
ation of small quantities of a pale yellow oil, which could not be 
caused to crystallise. Bromoletrahydrodeoxycodeine, 
CjgHjjOjNBr.EtOH, 

needles, ni. p. about 135° (decomp.) after softening from 120°, is 
prepared by the interaction of bromine and the ;8-base in chloro- 
form solution; the hydrochloride, hydrohromide, and hydriodide 
are viscous salts, which could not be caused to crystallise. When 
subjected to electrolytic reduction, the bromo-compound regenerates 
the parent substance. a-Tetrahydrodeoxycodeine (formula V), 
small leaflets or rods, ni. p. 132°, is prepared by the reduction of 
diLydrodeoxycodeine, m. p. 117 — 119°, by hydrogen and palladium, 
or by electrolytic reduction of a-dihydrodeoxycodeine. The 
identity of this substanco with the " deoxydihydrocodeine ” 
obtained by Knorr and Waentig by Ihe action of sodium and 
alcohol on deoxycodeine is established by its melting point and 
that of its hydrochloride [155° (decomp.)], and also by its con- 
version into a-raetboxytetrabydrodeoxycodmne methiodide, m. p. 
117° (Knorr and Waentig give m. p. 248 — 249°). 
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Acetylpapaverine and Coraiyne [Hexadehydrocoralydine], 
Wilhelm Schneider and Kurt Schroeter {Bet., 1920, 63, 
1459— 1469).— Papaverine is converted by acetic anhydride, which 
has been previously warnied to So'^ with a little concentrated 
sulphuric acid, into a yellow, crystalline salt, C24H25O9NS,Hj0. 
The corresponding quaternary ammonium base passes in wara 
aqueous solution into an isomeric ketonic base, from which the 
original salts are regenerated by addition of acid, The phenomena 
are thus very similar to those observed with berberine, and, more 
particularly, with dehydrocorydaline (Haars, A., 1905, i, 462), 
from which the present compound differs in containing two atoms 
of hydrogen less in the molecule. The constitution of the sub- 
stance is further elucidated by its conversion into m-hemipinic 
acid \ it behaves in this respect in the same manner as coralydine 
(Pictet, A., 1913, i, 1224; 1916, i, 418), and for this reason the 

authors propose the 
name coraiyne. It 

M nl II k- M ul ll therefore appears 

COMe I product of the 

action of sulpho. 

I iioMe t “oMe 

\/ on papaverine is 

UJle tjMe acetylpapaverine 

(I.) (II.) (I), wnich passes 


name coraiyne, p 
therefore appears 
that the primary 
product of the 
action of sulpho- 
acetic anhydride 
on papaverine is 
acetylpapaverine 
(I), wlirch passes 




the sulphoacetate of the isomeric quaternary coraiyne base (11), 

Corai(/nesulpltoacetate, C2»Il2204N-S03’Cfl2'C02H,H20, forms 
intensely yellow needles, nr. p. 277® (decomp.), which fluoresce 
strongly in aqueous solution. The following salts are readily pre- 
pared from it: chloride, C2.2H220,NCl,2'aH20, slender, yellow 
needles; iodide, -fHjO, golden-yellow needles, m. p. 278‘ 
(decomp.); hydrogen sulphate, -r2-DH.20, voluminous, pale yellow 
precipitate; mtrate, -pHoO, small, yellow needles, which decompoee 
above 270° without appearing to melt. 

Acetylpapaverine {\ji-corahjne), yellowish-grey crystals, m. p. 
140 — 141°, is readily obtained by heating a solution of coralyl 
sulphoacetate in water 'with an excess of sodium hydroxide until 
the solution, which originally has a dark colour, owing to the 


presence of the ammonium hydroxide form of coraiyne, becomes 
pale orange; the i)'-base is stable in the dry state or when 
dissolved in benzeu , but on contact with water or alcoholic solu- 


tions is more or less rapidly converted into the ammonium form, 
the rate being generally such as can be readily followed by titration 
with ,V/10-acid. It is interesting to note that this change is 
accompanied by the development of fluorescence in the solution. 
A cetylpapaverineoxime has m. p. 207°, whilst the phenylhydr- 
azone forms colourless, matted needles, m. p, 208°. When treated 
with methyl iodide in benzene solution at 100°, acetylpapaverine 
gives the corresponding methiodide, small, pale yellow needles, 
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m. p. 219—220°, but in methyl-alcobolic solution it yields the 
quaternary coralyne iodide. . H. W. 

Esterification of Uasymmetrical Di- and Poly-beisic 
Acids. XXXIV. Affinity Constants and Esterification of 
the Pyridinecarboxylic Acids. Rudolf Wegscheider 
[ilomtsh., 1920, 41, 185 — 198). — It has been shown (this vol., 
i, 740) that the formation of hydrogen esters of aminodicarboxylio 
acids takes place, generally, in a fairly regular manner, except in 
the instance of the semlhydrolysis of the normal esters, and 
attempts are now made to secure a more uniform conception of the 
esterification of the pyridinecarboxylic acids than has previously 
been possible. It is found that the apparently irregular affinity 
constants of the pyridinecarboxylic acids can be brought into line 
with the Ostwald factor rule in the same manner as the aromatic 
acids if it is assumed that these constants are induenoed by internal 
salt formation. In general, the same factors can be used for the 
substituents as in the case of the aromatic acids, except tor the 
methyl group, for which larger faclors must be chosen. The 
fonuation of hydrogen esters of the pyridinecarboxylic acids in 
general follows the same rules as are usually valid if a sterio 
influence is not ascribed to the nitrogen atom of the ring, and the 
strength of the carboxyl group is regarded as determined by a 
suitably modified factor rule. Exceptions are only encountered in 
the case of semi-hydrolysis, and this is bv no means unusual. 

H. W. 

Manufacture of the Allyl Ester of 2-PhenylquinoIine-4- 
carboxylio Acid. Society op t'HEMicAL Industry in Basle 
(Brit. Pat., 150401). — Like the alkyl esters, the allyl ester of 
2-phenylquinoline-4-carboxylio acid is tasteless, and has the further 
advantage of dissolving uric acid more readily than either the 
alkyl esters or the acid itself. It may be prepared by any of the 
usual methods of esterification, such as the action of an allyl 
haloid on a salt of the acid or by the action of allyl alcohol on 
the acid chloride, or on the acid itself in presence of hydrogen 
chloride or sulphuric acid. The ester boils at 260°/15 mm., and 
melts at 30°. Its hydrochloride crystallises from alcohol in small, 
citron-yellow needles, m. p. 145—147°, which are immediately 
decomposed by water. • G. E. M. 

Quinuclidines. Jakob Meisenhei.mee (Amiahn, 1920, 420, 
190—239). — The term quinuclidines has been ascribed by Koenigs 
{A.,^ 190.5, i, 824) to a series of bases derived from piperidine by 
joining the nitrogen atom to the para-carbon atom by a bridge of 
two carbon atoms, and the isolation of 3-etbylquinuclidine has been 
described. The present communication deals with the preparation 
of quinuolidine itself and of benzoquinuclidine according to the 
general method of Koenigs. The former substance has been 
described previously by Loffler and Stietel (A., 1909, i, 181), but 
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their data differ so widely from those of the present author that 
it is impossible for them to have been dealing with the pure com- 
pounds. (In the following, their data are recorded in brackets 
after the individual substances.) 

[With Julius Neresheimee and Wilhelm Schneider, ]._ 
4-Pyridylethanol, colourless, vi.5cous syrup, b, p. 151—152“/ 
13_14 mm. (125— 126°/15 min.), is prepared by the action of 
formaldehyde on 4-methylpyridine, obtained bji fractionation of 
commercial 3-methylpyridine [the method of purification by means 
of mercuric chloride recommended by Ahrens (A., 1905, i, 232) 
does not appear to be effectivej; the yield is only very small, owin» 
to the simultaneous production of di- and tri-methylol. The 
corresponding picrale has m. p. 134 — 135“ (122 — 123“). The 
alcohol is converted by fuming bydriodic acid and red pbosphorus 
into ^-pyridyl ethyl ioeluie, hydriodule^ ra. ji. 186 — 187“ after 
darkening at about 180°, from which the corresponding picrate, 
slender, pale yellow needles, in. p. 114 -115° (108 — 110°), is 
obtained; the latter readily decomposes in boiling^ aqueous or 
alcoholic solution, with the foniiation of 4-vinylpyridine picrate 
(see later). 4-Pyridylethyl iodide is a colourless oil, which readily 
decomposes spontaneously into a polymeric iodide, m. p. 267 — 268'' 
(deoomp.) after softeuiiig at 260° (216 — 218°). l-Pyridylethyt 
chloride hydrochloride ^ m. p. above 260° (decomp,), is prepared 
from 4-pyridyIethauol and fuming hydrochloric acid ; the corre- 
sponding picrate crystallises in slender, yellow needles, m. p. 
130—131°, whilst the platinicbloride has m. p, 207° (deomnp.) 
(147—148°). The free base is a colourless oil, which readily loses 
hydrogen chloride and forms 4-vinylpyridine in the presence of 
alkali hydroxide; it is transformed when gently warmed into a 
polymeric quinuclidiiic chloride, m. p. 255 — 260° (decomp.). 

i-Vinyl pyridine, almost colourless oil, b. p. 59°/ 12 mm. (slight 
decomp.), is best obtained by the action of boiling methyl-alcoholic 
potassium hydroxide solution on 4-pyridylelhyl iodide hydriodidc 
[the picrate, yellow, shining leaflets, ni. p, 198 — 199° (decomp, ) 
after previous softening when slowly heated, and the platine 
chloride, which softens at about 200°, but does not melt beloiv 
350°, are described]. Potassium permanganate oxidises it to a 
mixture of formic and isonicotinic acids. 

4-Pipeiidyletbanol, almost colourless, viscous liquid, b. p. 
140 — 141°/]2— 14 min. (120 — 12o°/15 mm.), is preparecl by the 
reduction of 4-pyridylet,banol by sodium and ethyl alcohol, and is 
converted by fun-.ng bydriodic acid and red phosphorus into 
4-piperidylethyl iodide hydriodidc, colourless needles, m. p 
190 — 191° after darkening at 186° (158 — 159°). The latter is 
transformed by a slight excess of sodium hydroxide in warm 
aqueous solution into quinuclidine, which is conveniently isolated 
as the picrate, m. p. 275 — 276° (decomp.) after previous softening 
(213 — 215°); the free base has m. p. 158° after softening at 154" 
in a sealed capillary tube, and is very volatile for a substance of 
such high melting point. It is remarkably stable, and is scarcely 
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affected by concentrated sulphuric acid or nitric acid at 100°, or 
by potassium permanganate in sulphuric acid solution. The 
platiniehloride, m. p. 238 — 240° (decomp.), and the aurichloride, 
large, shining leaflets, m. p. 271 — 273° (decomp.) after previous 
softening, are described. Quinuclidine unites with ethyl iodide to 
oive the corresponding ethiodide, thin plates, m, p. 270 — 271° 
(slight deconip.), from which the platiniehloride, leaflets, ra. p. 
271 — 272° after previous darkening (212°), is obtained. 

[With Oscar Finn and Wilhelm Schneider.] — Lepidine, when 
heated on the boiling-water bath with 20% formaldehyde solution, 
yields a mixture of 4-quinolylpropanediol (picrate, m. p. 170°) 
and 4-quinolylethanol, prisms, m. p. 63° (picrate, m. p, 156 — 157°) 
(compare Koenigs, loc. cit.). The ethanol is somewhat unstable 
towards hydrochloric acid, which, at 100°, converts it into the 
dimolecular 4-vinylquinolinc (see later). It is converted by 
hydriodic acid (D T96) and red phosphorus at 95° into i-quinolyl- 
elhyl Midi hydriodide, yellow, six-sided plates, m. p. 173°; the 
salt is stable towards light and air when pure, but loses hydrogen 
iodide when its aqueous or alcoholic solution is boiled, and forms 
dimolecular 4-viuylquinoline. i-Quinolylethyl iodide picrate 
forms long needles, lu. p. 154°. The corresponding free base is less 
stable than its salts, and loses hydrogen iodide in aqueous solution, 
with the formation of 4-vinylquinoline and other products. The 
readiest method of preparing i-vinylquinoline consists in boiling 
a solution of 4-quinolylethyl iodide hydriodide in aqueous acetone 
with aqueous sodium hydroxide solution; the free base is purified 
through the picrate, slender needles, m. p. 188 — 189°, and is thus 
obtained as a pale brown, viscous oil, which gradually solidifies 
when preserved in a desiccator, and cannot be distilled even 
under greatly diminished pressure, owing to the readiness with 
which it polymerises. It is oxidised by potassium permanganate 
in sulphuric acid solution to formic and 4-qninolinecarboxylio acids. 
The platiniehloride, broad needles, m. p. above 275°, is described. 
Bimolcetdar i-vinylquinolme, coarse crystals, m. p. 148 — 149° is 
obtained in the pure state by evaporation of a .solution of the 
unimolecular variety in aqueous hydrochloric acid and cautious 
liberation of the base by addition of alkali in the presence of ether. 
It is neutral towards litmus, non-volatile with steam, and cannot 
be distilled; it does not decolorise acid permanganate. The 
hydrochloride, ra, p, between 280° and 290°, the platiniehloride, 
which does not melt below 340°, and the picrate, thin, yellow 
needles, m, p, 242 — 243° (decomp.) after previous softening and 
darkening, are described. 4-Vinylquinoline picrate is transformed 
by boiling absolute alcohol info i-r/uinnlylethyl ethyl ether picrate, 
broad, shining needles, m. p. 171 — 172° (decomp.) after marked 
softening at 140° when slowly heated, m, p. 140- 145°, followed 
by resolidification and re-melting at 171 — 172°, when rapidly 
heated, the variations being due to the elimination of ethyl alcohol 
and formation of 4-vinylquinoline picrate, which Ihen undergoes 
partial decomposition; a similar change appears to be caused by 
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boiling methyl alcohol, the picrate so obtained having m. p_ 
167 — 168° (decomp.). A-Quvnolyl^thyl ethyl ether is an almost 
colourless liquid, b. p. 169 — 170°/11 — 12 mm. \^latinicklorid€y flat, 
golden-yellow prisms, ra. p. 183 — 184° (decomp.) when rapidly 
heated]. 

Tetrahydro-A-quinolylethanol, pale yellowish-green, viscous 
liquid, b. p. 196— 198°/ 11— 12 mm., is prepared by the reduction 
of 4-quinolylethanol by sodium and ethyl alcohol ; it does not yield 
a crystalline picrate or platinichloride, and reduces gold chloride 
to metallic gold. On treatment with red phosphorus and fuming 
hydriodic acid, the ethanol gives tetrahydro-i- 
quinolylethyl iodide hydriodide (m. p. about 
100 — 105° in the crude condition), which is con- 
verted by aqueous sodium hydroxide solution at 
60 — 70° into bemoquinuclidine (annexed 

formula), shining leaflets, m. p. 68 — 69° 
{platiiiichloride, yellowish-red prisms, which 
soften at 225° and decompose at 230°; picrate, 
slender needles, m. p. 195—196°). BenzoquinucUdine ethiodide 
forms long needles, ra. p. 217—218°, and is converted by moist 
silver oxide into the corresponding quaternary base. H. W. 
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Alkylation oi Pyrazolones by means ol Sodium 
Alkyloxides, Ludwig Wolff and Ehnst Thielepape {Annalen, 
1920 , 420, 275 — 284). — Wolff's method for the replacement of the 
oxygen atom of ketones and aldehydes by hydrogen which depends 
on the action of sodium ethoxide on the corresponding hydrazonea 
(A., 1912, i, 988) gives partly abnormal results when applied to 
pyrazolones, since alkylation is found to occur. 

When 3-methylpyrazolone is heated with methyl-alcoholic sodium 
methoxide for fifteen hours at 220° and subsequently for nine hours 
at 250° it yields a mixture of butyric acid (41%) and 3 : 4-dimethyl- 
pyrazolone (39%), colourless crystals, m. p. 267 — 268°, the identity 
.of which is established by comparison with a specimen prepared 
from ethyl methylacetoacetate and hydrarine hydrate; with sodium 
ethoxide, 3-met^d-4-ethylpyrazoloue, in. p. 229°, is mainly pro- 
duced, butyric acid being formed in minor quantity, whilst, with 
sodium propoxide, 3-methyl-4-propylpyrazolone, m. p. 206 — 207°, 
is obtained. The success of the experiment is largely dependent ou 
the use of absolutely anhydrous alcohol, since under similar condi- 
tions, but with Kah'.iauui^s propyl alcohol which had not been 
specially treated, pyrazolyl pyrazolone, m. p. 259°, was isolated in 
good yield. 3 : 4-Dimethylpyrazoloiie was not affected by being 
heated with sodium ethoxide solution during twenty-two hours at 
260° Phenylmethylpyrazolone is transformed by sodium ethoxide 
at 170 — 190° into a mixture of bisphenylmethylpyrazolone, which 
does not melt below 300°, and bisphenylmethylethylpyrazolone, 
m. p. 149 — 150°; more complete ethylation is effected at 220°. 

3 :5-Dimethyipyrazole is converted by sodium ethoxide at 250° 
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into a mhslance, C 12 H 20 N 4 , m. p. 253° [picrate, m. p. 224 — 226° 
(decoinpO]> wticli ia probably tetramethyletbylpyrazolylpyrazole. 

H, W. 

New Cases of Isomerism in the Isatin Series. IV. 
GnsTAV Heileh (Ber., 1920, 53, [U], 1545 — 1551. Compare A., 
1917, i, 219). — Further expeiimenta have shown that isatol has 
about three times the molecular weight calculated for the simple 
formula when dissolved in boiling glacial acetic acid or in freezing 
phenol or veratrole; the phenomenon is considered to be due to 
association rather than to polymerisation. The conversion of isatol 
into isatin is not a simple rearrangement, but appears to occur 
with intermediate formation of bimolecular isatoid-like substances. 
The typical properties of the isatols appear to be more clearly 
exhibit^ by dimethylisatol (the dimethylisatin, III, of A., 1918, 
i. 235), which is not immediately affected by alkali and is unimole- 
oular as shown by the smooth conversion of its methyl ether into 
the unimolecular lactiii ether when heated with glacial acetic acid ; 
its ready conversion into a basic substance, insoluble in alkali, 
appears to differentiate it from methylisatoid. 

The formula previously proposed for isatinoue (A., 1919, i, 282) 
is now abandoned, since the substance is found to be identical with 
methylisatoid prepared by Baeyer and Oekotiomides (A., 1883, 
201 ); the name isatinol should therefore be deleted from the 
literature and replaced by isomelhylisaloid. Various formulae for 
these substauoes are considered, but a definite conclusion does not 
yet seem possible. 

[With Mabie Mevek.] — 5-Chloroisatol, m. p. 188° (decomp.), is 
prepared by converting chloroisatin into the silver salt and treat- 
ment of the latter with benzoyl chloride in the presence of benzene; 
it does not react with phenylhydrazine or with methyl sulphate at 
100 °, is not basic, and is converted by hot alkali into chloroisatinio 
acid. 5-ChloroisatirMi{2)-phenpIhydrazone, slender needles, m. p. 
250° (decomp.), is prepared from phenylhydrazine and chloroisatin 
lactim ether, m. p. about 132°, after softening at 128° in alcoholic 
solution ; the lactim ether yields chloromethylisatoid when subjected 
b illumination or heated with glacial acetic add. 5-Bromoisatol is 
prepared in the same manner as the corresponding chloro-com- 
pound. The silver salt of 5-bromoisatin is primarily converted by 
methyl iodide in benzene solution at 100° into 5-bromoisatin lactim 
ether, which is subsequently partly transformed into 5-5romo-N- 
methylmtin, needles, m. p. 172 — 173° (more conveniently prepared 
by the action of .alcoholic sodium methoxide on 5-bromoisatin), the 
conversion appearing to occur more readily than with the corre- 
sponding parent substances. 5-Bromoisaiin-'2-phmylhydrazone 
forms dark red, four-sided platelets, which decompose at 241 — 242°. 

H. W. 

Azopyrazolones and Allied Compounds. Kenneth 
Heebest Saundeks (T., 1920, 117, 1264 — 1272). 
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Substituted Quaternary Azonium Compounds contain- 
ing an Asymmetric Nitrogen Atom. III. Resolution o! 
Pbenylmetbylettiylazonium, Pbenylbenzylpropylazonimn, 
and Phenylbenzylallylazonium Iodides into Optically 
Active Components. Bawa Kaetar Singh (T., 1920, 117, 
1202—1214). 

Hydrazones and Azines. I. Coloured Ketazines. Otto 

Gerhardt (Jilonatsh.^ 1920, 41, 199 — 214). — A number of ket- 
azines have been prepared in the hope of tracing some connexion 
between, colour and constitution in this class of substances. Even 
among the fiuorenoneketazines, however, there seems to be no 
marked regularity; in spite ot the presence of the chromophoric 
grouping, !CIN-, the close arrangement of the atoms in the 
molecule and the occurrence of crossed double bonds, the entrance 
of the auxochromic hydroxy group in the meta-position causes only 
an unimportant deepening of the colour, but apparently no 
development of tinctorial power. • 

B-Hydrinfhnehefnzint', })ale pink needles, m. p. 194- 195°, which 
undergo autoxidation on exposure to air, yielding dark red needles 
which could not be fully identified, is prepared by the action of 
hydrazine hydrate on an alcoholic solution of jS-hydrindoiie, 
%Nitroflnorei}onelnith'azon^. fonns dark yellow, microscopic leaflets, 
m. p. 214°. and is oxidised by iodine in alcoholic solution to 2-n/fro 
fluorenoneketazine, brown, crystalline powder, m. p. 305 — 306°, 
2~AminoftuorenorJchydrazo}ie, orange-yellow, matted needles, m. p, 
201 — 202°, is prepared from 2-aminofluorenoDe and hydrazine 
hydrate; it cannot be oxidised by iodine to the corresponding 
ketazine, nor can the latter be obtained from it by the action of a 
further molecule of the ketone. 2-A ceyfatninofiiwrenoyie, cinnabar- 
red crystals, m. p. 227 — 228°, is, however, readily convertible into 
2-acetyIamhofluorerioneItydrazonc, lemon-yellow leaflets, m. p 
212 — 214°, which, when treated with iodine, gives ^-ncf.tyhmho- 
fivorenoneketazine, brown, crystalline powder, m. p. 303—306°', 
attempts to remove the acetyl groups from the latter were unsuc- 
cessful. since 2A'alcoholic potassium hydroxide solution was with- 
out action, whilst a saturated solution converted the substance into 
a viscous mass. 2-DimetkyIaminofluorenone, dark red, crystalline 
powder, m. p, 146 — 147°, is prepared in 40% yield by the action 
of methyl sulphate on the aminoketone at 170 — 180°, and is so 
extensively rerinified by the action of hydrazine hydrate that the 
correspond ing hvdv zone could not be isolated. 2-Hydrorr7/fluorp.v- 
onehydrazone, cbrome-vellow. matted needles, has m. p. 201 — 202°, 
whilst the corresponding Ji-etazine. in. p. 301 — 303°, is a brown, 
crystalline powder. Fiperonnldpizuie, m. p. 206 — 207°, crystal- 
lises in pale veliow leaflets. Benzophenone-henzil'ke.taziziP^ 
CPhn!N*N!CPh'COPb. pale yellow crystals, m. p. 128 — 129°, is 
prepared from beuzophenonehvdrazone and benzil in the presence 
of arjjittle alcohol at 150°. whilst tetramethyMiaminohenzovhenone- 
henzU‘ketazipe forms orange-yellow leaflets, m. p. 173 — 174°. 

H. W. 
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pitertiary Hydrazines. XXII. Basic Tetra-arylhydraziues. 

Hbinbich Wieland 1920, 63, \B\, 1313 — 1328, Compare A., 
1915 i, previous abstracts). — The preparation of further 

substituted tetra-arylbydrazines has been attempted; the most note- 
^'orthy of the substances actually isolated is pp'-tetramethyldi- 
auiinodimetboxytetraphenylhydrazine, 

(NMe2‘C6H4)2N*N(C6H4-OMe)2, 

iji which the tendency towards dissociation is as marked as in the 
case of tetra-p-dimethylaminotetraphenylhydrazine. 

[With J. SuREDA.j - pp^ - Dkwetylaminotetraphent/lhijdrazine, 
>jHAc*C(iH 4 *NPh*NPh*C(jH 4 *NHAc, colourless prisms, m. p. 124°, 
after slight decomposition from 100°, is obtain^ by the oxidation 
of p-acetylaiiiinodiphenylamine by potassium permanganate in 
acetone solution; as is to be expected, the substance does not 
exhibit a strongly marked tendency towards dissociation, in which 
respect it .resembles tctratolylhydrazine. Attempts to remove the 
acetyl groups without extensively decomposing the compound were 
unsuccessful. 

[With E, ScHAMBERG.] — p-Dieth/laminodiphenyl/imiue, colourless 
leaflets, m. p, 88 — 89°, is obtained by the action of pheuylhydrazine 
on p-nitrosodiethylaniline, and is converted by silver oxide in dry 
ethereal solution into di-^-diethylammoittraphenylhydrazrney 
NEt,'CoH 4 *NPh'NPh*CpH 4 *NEt 2 , m. p. 104° (darkening); in its 
tendency towards dissociation, the latter substance closely resembles 
tetra-anisylhydrazine. It is hydrolysed by water to diethylamino- 
diphenylamine, quinoncanil, and dicthylamine. In benzene solu- 
tion it readily unites with nitric oxide and triphenylmethyl to yield 
the compound^y Cj^Hj^ONg, yellow needles, m. p. 78°, and Cg 5 H 54 N 2 , 
coarse, colourless prisms, ni. p. 163° (darkening), respectively. 

[With Frl. E. Haas.] — p’-DinicthyJ/imino-p-methoxydiphenyl- 
aninty colourless leaflets, in. p. 78°, b. p. 200°/crt. 1 mm., is pre- 
pared by the action of p-iodoanisole, acetyldiinethyl-p-phenyleiiedi- 
amiue, potassium carbonate, copper bronze, and iodine in boiling 
tiitmbenzene and subsequent hydrolysis of the primary product. 
When dissolved in a mixture of dry pyridine and ether and cooled ^ 
ill a freezing mixture of ice and salt, it is oxidised by silver oxide 
to ^^'‘tetramethyldinminod}m€tho.T.ytetraph€nylhydraziney quadra- 
tic prisms, m. p. 93°, after previous discoloration. Its solution in 
benzene readily absorbs nitric oxide with the formation of p'-dk 
methylam/nu-p-jnefkorydijdienyhiitrosoamine, dark* yellow leaflets, 
m. p. 95°. 

[With E. ScH.YMBEBn.J — Di-pp'-diefkylaminodiphenylamuie, m. p. 
56®. is prepared by reducing /^mtrosodiethylaniline with zinc dust, 
adding diethylaniline, oxidising with potassium dichromate, and 
reduction of the zinc double salt thus produced by hyposulphite. It 
differs from the corresponding tetramethyl base in that, as a conse- 
quence of extensive decomposition, it cannot be oxidised to the 
corresponding hydrazine; treatment with silver oxide in the 
presence of light, petroleum transforms it into diethylindophenol, 
ni p. 106° 
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Attempts tu convert 2:4;6;2':4';6'-hexam6thoxydiplienylamine 
into the corresponding hydrazine were unsuccessful. Ihe substance 
is oxidised by silver oxide in acetone solution to fentametkoxy. 
quvnonmml, 0:CeHHOMe;2:N-(:;eH2(OMej3, blackish-green, shining 
crystals, m. p- 202°, which is reduced by zinc dust and acetic acid 
to the corresponding leuco-compound, colourless needles, m. p, 
156 — 157° (discoloration). 

The oxidation of letramethyldiaminodiphenylamine by an excess 
of silver oxide has been further studied, and the view taken pre- 
viously that trimethylindamiue [climethylaminophenylmetnylquin. 
onedi-imide], NMe:Con4:N-C,H4-NMe3, is produced by the loss oi 
hydrogen and methyl from the base is now abandoned, since it is 
found that the solution which has only been oxidised to the hydr- 
azine stage contains only traces of the indamine. The latter owes 
its origin to the oxidation of the tetramethyldiaminodiphenyl- 
nitroeen radicle, ^ 

NMe„-C5H.-N'CcH4-NMe2 — > NMe.j-CcH4-N.CcH4.NM6-(-CH3, 
but the fate of the methyl radicle is not established. Isolation of 
trimethylindamiue is most conveniently effected by treatment of the 
fully oxidised ethereal solution of tetramethyldiamiuodiphenyl. 
amine with nitric oxide and separation of the iriTnethylindamint- 
dinitrosoamim, yellowish-green ciwstals, m. p. 136° (decomp.) after 
softening at 130°. The latter is reduced by stannous chloride and 
concentrated hydrochloric acid to trirnethyidinMivodlphenylamint, 
colourless needles, ni. p. 73°, which is oxidised by silver oxide in the 
presence of ether to trimtlhylindamine, m. p. 90°; nitric oMe and 
triphenylmethyl are readily added by the latter. H. W. 

Ditertiary Hydrazines. XXIII. Mixed Aromatic Di- 
tertiaryHydrazinas. Tetrabenzylhydrazine. Hkineicii Wieusd 
and Eduard Schauberg {Bet., 1920, 53, [5], 1329— 1335).— In 
continuation of previous work, the authors have now examined 
unsymmetrical diaryldialkylhydrazines, which, in regard to their 
tendency towards dissociation, are found to be even more stable 
than the corresponding symmetrical compounds. Attempts tn 
prepare tetra-alkylhydrazines did not meet with success, but it 
has been found possible to isolate tetrabenzylhydrazine, which h 
found to possess extraordinary stability. It appears, therefore, 
that the instability of the N-N linking in hydrazines is conditioned 
by the immediate attachment of the nitrogen atoms to aryl groups, 
and that the p’-enomenon becomes more marked when positive 
groups are introduced into the nucleus. 

dkS-Diphenyldimethylhydrazine., large, colourless prisms, m. P 
52°, is prepared by the action of methyl sulphate on as-diplienyl- 
hydrazine. Jt is more stable than the symmetrical isomeride, and 
remains unchanged when boiled for hours in xylene solution, k 
is more sensitive towards acids than is diphenylhydrazine, since 
it is converted by dilute aqueous hydrochloric acid into dimetlyl- 
amine, diphenylamine, and a dye, which resembles emeraldine, 
and, as judged from its leuoo-compound, C28H2SN3, m. P- 
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176 — 176°, 19 composed of a molecule of diphenyldimethylhydrazine 
united with a molecule of diphenylamine. 

Attempts to prepare tetramethylhydrazine are described, but 
the alkylation of hydrazomethane dibydrochloride by methyl- 
alcoholic sodiuin hydroxide solution and methyl iodide oply leads 
to the production of -trimethylhydrazonmm iodidr^ 

NHMe-NMejI, colourless prisms, m. p. 226'5°. 

Tetralemylhydrazine, large, colourless prisms, m, p. 139-5°, is 
prepared by the action of benzyl bromide on tribenzylhydrazine. 
It does not yield salts. It is unaffected by protracted treatment 
with zinc dust and acetic acid, or by solution in concentrated 
sulphuric acid. When distilled under diminished pressure (260°/ 
32 mm.), a portion passes over unchanged, whilst the remainder 
is decomposed into dibenzylamine and benzylbenzylideneamine. 
It is smoothly converted by concentrated hydrochloric acid at 160° 
into benzyl chloride and hydrazine. 

[With Frl. E. Haas.] — A ttempts to convert dicyciohexylamine 
into tetracycfohexylhydrazine were not successful, since a 'solu- 
tion of the base in acetone was found to be fairly smoothly con- 
verted by permanganate into the cyc\ohexylamide of adipic acid, 
C0 H,i'NH'CO'[CH 2L'CO2H, colourless needles, m. p. 138 — 139°, 
which was identified by hydrolysis to adipic acid and cycfohexyl- 
amine. 

It is shown that two diphenylamino-radicles can be very firmly 
united by the carbonyl group, since tetraphenylcarbamide remains 
unchanged when heated to Mo°, and, in part, sublimes unaltered 
when directly distilled, H. W. 

Ditertiary Hydrazines. XXIV. Ditertiary Hydrazines 
of the Quinoline Series. HKrsRicH AVieland and Emmy Haas 
( fief., 1920, 53 , [fi], 1336 — 1343). — ^The similarity in properties 
between tetrahydroquinoline and monoalkylated anilines has led 
the authors to attempt to obtain substances in which two quinolyl 
residues are united by the nitrogen bond, and thus have a 
formal likeness to the ditertiary hydrazines. These substances 
are readily obtained by the direct oxidation of tetrahydroquinoline, 
methyltetrahydroquinoline, and p-methoxytetrahydroquinoline 
with potassium permanganate; a similar compound could not, 
however, be isolated in this manner from tetrahydroisoquinoline. 
The new “ quinolinehydrazines ” show little tendency towards dis- 
sociation, and give colourless solutions in boiling xylene ; in solvents 
of higher boiling point, such as ethyl benzoate, the formation of 
yellow or brown solutions indicates the occurrence of dissociation, 
but this only takes place under such conditions that the free 
radicles are extensively decomposed. They are not . basic. They 
are more or less readily affected by acids. Thus, bistetrahydro- 
quinonyl is rapidly decomposed by ethereal or aqueous (25%) hydro- 
chloric acid, with the formation of tetrahydroquinoline and 
resinification of the other half of the molecule. When an ethereal 
solution of the hydrazine is shaken with 2.A^-hydrochloric acid, a 

VOL, cxvm. i. n a 
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benzidino transformation occurs smoothly, which must be regarded 
as an intramolecular change without previous dissociation. 
those cases in which, for constitutive reasons, a benzidine trans- 
formation is impossible, total fission occurs; the latter type of 

change has been most closely 
OMe studied with bis-1 : 2 ; 3 :4-tetra- 

hydro-6-methoxyquinonyl, wliicl. 
is shown to yield B-metlioxy- 
1 : 3 : 3 ; 4 - tetrahydroqiiinoline 
(thallin) and thalloperaiine 
(annexed formula). 

The following compounds arj 
described: 5iVl : 2 : .3 ; UUrahydro<,tim(ilyl CjHjj-N-N-CjH,,, 
large, yellow prisms, in. p. 141-142°; UlrahydroymnoUmxhu 
r6:6'-6«-l:2:3:4-<ft™7f,v<fro<7HiWyfl, colourless P 

128 129° \(lin>tros(ximme, golden rods, m, p. ,1°° (shgl't 

docomp )1' i^-W-bis-l:‘2:3-A-teirahy(lro-6-methjlqmnolyl, colosr- 

less needUs, m. p. 107-108°; thamnhydranne, in. ?■ ll'-llf 
(slight deoomp.); thaJloyenr.ine, yellow crystals m. p. IbO , wbid,, 
when treated with ethereal hydrogen chloride, readily yields a 
meriquinotioitl azonium salt. 

Some Derivatives of 4 -Nitro-o-toluidine. Alfred Godfbf.i 
Gordon Leonard and Agnes Browne (5c>.^ Proc. Fwj. 
Dublin Soc., 1920, 16 [N.S.], 105-108).-men p-nita- 
o-toluidlne sulphate was diazotised in aqueous suspension aii.i 
added to a cold alkaline solution of 0-naphthol, _ S-nitro- 
o-tolueneazo-il naphthol, m. p. 204° was obtained which dyed 
cotton a deep orange colour. When the nitrotoluidine ms 
diazotised and added to o-toluidine hydrochloride, 5-niiro-o-tohm. 
diazoamino-o-tolueve, m. p. 133°, was obtained 5-ilh ro-e 
,oluenedinzoamn,o-v-tolnenc, ill. p. 131° (decomp.^) 

fnluenediazoaminobemene-'p-suiphomc aad, m. p. 129 (decomp. , 

^-nitro^o-toluenediazoamitiu-p-mfrohenzene, m. p. 118 

and n-nitro-o-tolueneazoresorcinol, m. p. 234 , were obtained in a 
. \V. tj. 

similar manner. 

O. Fischer's Bases from y-Nitrosoanilines and Aryl- 
hydrazines. Arylazohydroxyanilides rAryldiazohy^droxy - 
amiiiobenzenesl. Kugen Bamberger {Annaleti, 19- , i 

137 169).— 0, ischer and Hepp (A., 1888, 460) have describea 

a peculiar class of substances obtained froin p-nitroscanilw 

p-nitrosonioiioniethylaniline, and p-nitrosodimethylanilme on tl 
one hand and uhenylhydrazine, a-methylphenylhydraziiie anl 
diphenylhydrazine on the other, which they have termed d»»- 
benzenenitrosoanilines (compare Fisc’ner and W acker, A., j;- 

1286- 1889 702). Recently, Fischer and Johannes (A., 
i 907) have pointed out that these compounds are smiply u 

p’-amino-substitiition products of the diazoxyaminobenKM. 

obtained by Bamberger (A., 1918, i, 20; 1899, i, 589) by the »» 
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densation of diazouium salts with j8-phenylhydroxylamine, and are 
best represented by one of the following formula : 

NRj-CjHj-NOlN-NPhR' 

/\ 

]t NRa’CjHj'N N'NPhR . The latter substances are 
jbtained also from nitrosobenzenes and phenylhydrazines, and the 
ormation of Fischer’s bases is probably represented by the 
‘qiiations 

iNH/C^Hj-NO + 2H2N-NHPh = 

2 [HsiN-CBH 4 -N(OH)-NH-NHPh] = 

2 NH 2 -C 5 n,-N(OH)-N:NPh + 2Hj 
ind R2N'CgH4*NO + 2H2=C„H^(NIl2)2 + H20. Substituted and 
msubstituted nitrosoaryls yield arylazohydroxyanilides [diazo- 
lydroxylamiiiobenzenesj with primary arylhydrazines and aryl- 
Lzoanilide oxides with secondary hydrazines. 

[With Alexander Landau, K. Bi.askopf, E. Hinderm,\nn, and 
f BiiSDORF.] — Benzenediazohydroxylamino - p - dimethylamino- 
jeniene, NMe2-C8H4-N(OH)-N:NPh (Fischer and Wacker, he. 
■tl.), decomposes at different temperatures, 11 , 3 ° or 119 °, accord- 
iig to the rate of heating (the copper salt is described) ; attempts 
0 methylate it with methyl sulphate and potassium hydroxide led 
0 the formation of tetraiuethyldiaminoazobeuzene, and, possibly, a 
mail amount of the desired ether, ni. p. 135 — 142 ° (decomp.), 
leiizenediazohydroxylamino-p-aminobenzene yields a bluish-green 
upper salt, decomposing with explosion at 186 — 187 °, and, when 
rare, yields colourless salts with acids; with potassium ethoxide 
lOluiioii, a yellow potossiutn salt is produced, which is hydrolysed 
]y water, 

Diazohydroxylaminobenzene is rapidly decomposed by boiling 
loiicentrated hydrochloric acid into nitrogen, phenol, and p-ohloro- 
iniline, When treated with potassium ethoxide and methyl 
iilpliate, it yields acetaldehyde, benzene, and azobenzene, whilst the 
after is also obtained when methyl iodide is used ; it is unaffected 
ly diazomethane. Zinc dust and acetic acid reduce it to aniline 
ind phenylhydrazine. The presence of the hydroxyl group cannot 
)6 established by means of sulphur dioxide (as in the case of 
henylhydroxylainine), since aniline and benzenediazonium 
[dphate are formed. p-ToIuecediazobydroxylaminobenzene is 
imilarly reduced to aniline and p-toluenediazonium‘ sulphate, 
p - ^itroheozenedmzohydroxyJaminohenzene, from diazotised 
J-nitroaiiiline and phenylhydroxylamine, forms slender, pale 
■elbw needles, which decompose at 175 °, or at 185 ° when ’placed 
n a bath pre-heated to 174 °; the potassium and sodium salts are 
lescribed. Attempts to prepare the methyl ether were not 
nccessful, the sole product isolated being p-iodonitrobenzene. 

The decomposition of isomeric aryldiazohydroxylaminobenzenes 
vN,/N(OH)R' and R'-N2-N(OH)B, by mineral acids has been 
nvestigated in a number of cases. p-Tolueneazohydro.rylamina- 
“Hene, sulphur-yellow needles, which rapidly become brown on 

ff g* 



i. 772 


ABSTEAOTS OF CHEMICAL PAPERS. 


exposure to suaiighfc, m. p. 130 — 131^ (deoomp.), is converted u 
sulphuric acid into nitrogen, p-cresol, and phenylhydroxylamjj^g 

(or p-aminophenol), whilst benzeuediazohydroxylamino-p'toluene 
m. p. 123’5 — 124°, yields nitrogen, phenol, and p-tolylhydroxyl 
amine (or toluquinol). Similarly, henzen&diazohydroxylaminQ.^, 
bromohenzene, golden needles, grouped in clusters, m. p, l28 o^ 
gives nitrogen, phenol, yz-dibromcazoxybenzene, and ^'bromoaniling 
(the latter two being derived from p-bromopheuylbydroxylamiu^^ 
whilst p-bromobenzenediazohydroxylaminobenzene, straw-yello^J 
needle, m. p. 154‘5°, is decomposed into nitrogen, ;?'broinopbei]o] 
and phenylhydroxylamine. 'p~Toluenediazohydros>ylamino-'p-hrQm(!. 
bengene, greenish-yellow, matted needles, decomposing at 122—1230 
when slowly heated, but at 134° when placed in a bath pre-heaUd 
to 100°, is transformed by dilute hydrochloric acid into p-cresol 
pp'-dibromoazoxybeuzene, o-chloro-p-bromoaniline, and p-bromD- 
aniline (the three substances last named being derived 
p-bromopheuylhydroxylaroine), whereas T^-hromobenzenediazokydr. 
oxylamiiiQ’\>tolueney greenish-yellow needles, which decompose ai 
151°, is decomposed bjr boiling dilute sulphuric acid into nitrogec, 
toluquinol, and p-toluidine. 

Puller details are given with regard to the action of pheavl- 
hydrazine on nitrosoaryls. In general, the substances are mixed 
in alcoholic solution at 0°, when action occurs with greater or 
rapidity, accompanied by slight, but persistent, evolution of gsj, 
In this manner, nitrosobeuzene and phenyihydrazine yield diazcr 
hydroxylaminobenzene, phenylhydroxylamine, and, probably, azo 
benzene. jD-Tolylhydrazine gives jD-toluenediazohydroxylaminu- 
benzene and phenylhydroxylamine, whilst the isomeric anilide ar.d 
p-tolylhydroxylamine are obtained from p-nitrosotoluene m 
phenyihydrazine. p-Bromonitrosobenzene and phenylhydvazine 
yield benzenediazobydroxylamino-p-bromobenzene and p-bromu 
phenylhydroxylamine (or ;;;y*dibromoazoxybenzene and ;;-bTorao- 
•aniline). K. W, 

Does Gliaciin contain Amide Nitrogen ? Thomas B. Osi30e\ 
and Owen L. Nolan (/. Jiiol. Chera., 1920, 43, 311— 316).— Bod 
ing gliadiu with 1% hydrochloric acid for two hours yields 
as much ammonia as boiling for twenty-four hours with 20% acii 
The slight increase in free amino-nitrogen after boiling with 
dilute acid shows that a very slight hydrolysis of peptide linking 
occurs. Since u wards of 90% of the ammonia is yielded at : 
rate strictly proportional to the time of boiling, as well as th 
concentration of the acid, it seems fair to assume that nearly a! 
the ammonia originates from a common, group, which, lih 
R-CO’NH^, is very readily hydrolysed. 

There is also an increase in acidity during the mild hydi'olyai 
which corresponds with carboxyl groups nearly, if not 
equivalent to the ammonia produced. 

The uramino-group would appear to be present in extremd;' 
small amounts, if at all, in gtiadin. J. C- D 
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Oxygen-capacity of Hsemoglobia. R WEETHWMr^ m- 
Am. ZeUsoK 1920. 106, 12i22).-Mea.urTrents “di W 

JSnXtl tb ' 

req^uired h/SifTer-: ^ 

and oxygen combine in molecular proportions “(A 

With a pure, aqueous solution of LmodoMn the nr ’ /■ 

oxygen combined is about 7% less than fhat given L7a 

T. H. P. 

(ntcW 

blood containing 1% of sodium sulphate, pressingThe tagXm 
washing it with hot u’ater, again pressimr it onrl®e * 

« methyl alcohol containing 3% of formic’ acid, the^utKas 
obtained a substance crystallising mostly in short needW In 
some of Its characters, this substance agrees with hin,7t u To 
contains only 7-41-8-00% of irm Th r n but it 

8'95i; furthermore, the maxima of’ ligLbsorSonln thft'“ 
cases do not correspond. uguo-aDsorption in tte two 

£"6?.;“' tt« f-LiJ 

Hydrolysis of Nucleotides. M Yamagawa fT r.v; 

1920 4 3 3 3 9 Poni„ • n * («/. Bid. Chem., 

wituhe phospW add 

0;J sulphuric a^fd a'i^fu™ se^d 

Wowing c:Ss, I^rTbS:'*" 

Nucleic acid no n’n-!i 

Guanosinepbosphoric acid 177 {Lj 

Adenosinephosphoric acid Igc nn~‘ 

Undinephosphoric acid 480 1 7= 

Inosicacid +70 

Hesathyinidiaediphosphorio acid 720 (I0“®J 

dlTJ’’' ™^°“^y;Constants of the guanosinepbosphoric and the 
^ acids are identifal. On Sic cither hand, tt: 
of mosio and undinephosphoric acids are also identical, 

y y* 2 
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iu spite of the fact that their basic component is of a different 
nature. 

structure of Yeast-nucleic Acid. Ammonia Hydrolysis; 
.i,! «^led Trinucleotide of Thannliauser and 
Dorfmuller. P. A. I.evbse Chem., 1920, 43, 379— 382).-, 

i pr“ious communication (this vol., i, 193) has dealt with tb 
thcOTetical arguments against the conception of the structure of 
yeashnucleic fcid suggested hy Thannhauser and Dorfmuller (A. 
{qi8 i 471 in order to support these criticisms with evidence 
ob ained from actual experimeut, the author has shown that tie 
fnditions of hydrolysis employed by Thannhauser and Dorfmulle, 
Tre such as to produce a mixture of mononucleotides, and^notj 
trinucleotide. 

The occurrence ^f Optical 

municatlL ifess'and WeltziL (this vol, i, 328) have adduce! 
arguments which lead them to the conclusion that a fundee, itj, 
difference exists between chemical processes m the vegetable anl 
an mal kingdoms, and that whereas the animal organism only 
bud^ and degrades asymmetrically, and hence involves cmyirs 
of asymmetric structure, the vegetable organism can also bu.k 
vmSioally, and hence involve symmetrica enzymes It. 
Sr consiLs this statement to be general, and points o« 
Sat racemic substances are also formed, it exceptionally, in the 
aniLl organism, and cites, as example, the occurrence « 
TZhiuose in certain urines. On broader grounds, he com. ere 
that the specific action of an enzyme is only conditional, and tin 
whilst a ferment p.-eferentially attacks one modification of a gmi 
compound it can, in case of necessity, also attack the antipo*. 
So rf?id a’clas-sification of symmetrical and asynimetncal fermeiitj 
dL lot appear to have Ln attempted previously, and untJ 
more is knLn of the chemical structure of ferments, it appea 
too early to assume that steric arrangements must of nec^sityk 
present in them as in the substrates. 

The Ability of Plants to Form Optical Antipodes. Km 
Hess (X 1920, 53, [B\, 1375-1378. Compare Hess b 
Weltzii, this vol, i, 328 ).-A reply to 

;,r 

Bourquolot and Bridel. 

The Chemical Nature of Enzymes. Th 

ZeiUch., 1919, 100, 100-113).-The alkylamino-mtrogen 
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estimated in a number of well-known enzymes by means of nitrous 
acid. The amino-nitrogen was found to vary from 3-05% in rennet 
to 7'66% in papayotin. The author considers that the results 
obtained are in favour of the theory of the protein nature of 
enzymes. S. S. Z. 

Destruction of Rennet and Pepsin by Alkali. 

L. Michaeiis and M. Rothstein {Bioehem. Zeitsch., 1920, 105, 
go — 87). — The method used to arrive at a quantitative measure of 
these two enzymes consists in determining by trial that dilution 
of the enzyme solution which corresponds in its activity with a 
control solution prepared so as to be readily reproducible. , The 
action was measured by means of the coagulation of milk contain- 
ing .calcium chloride in the case of rennet, and by the gradual 
clearing of an albumin solution rendered turbid by addition of 
sulphcsalioylio acid in the case of pepsin. 

If the hydrogen-ion concentration of a rennet solution is adjusted 
by means of a mixture of phosphates, the enzyme remains practic- 
ally unrestricted with an acid reaction down to Pn—S. As 
neutrality is approached, a rapid destruction of the enzyme 
suddenly begins, the velocity of the destruction quickly becoming 
immeasurably groat as the value of diminisbes further. For a 
given value of p,,. the destruction of rennet is not a unimolecrtkr 
reaction, the velocity of the desirnclion at any moment being pro- 
ptirtional to the l'5th power of the amount of enzyme still present; 
the course of the destruction is not influenced by the enzyme 
already destroyed. For ,a given quantity of enzyme, the velocity 
of the destruction is proportional inversely to the fourth power 
of the H’-concentration, or directly to the fourth power of the 
OH' -concentration. 

As regard.s the velocities of destruction at, different temperatures 
(25'5° and 36'8°), these are identical if the solutions compared are 
of equal concentrations of hydroxyl ions, that is, the "physical” 
temperature coefficient of the velocity is practically zero. When, 
however, the concentration of the hydrogen ions is the same in the 
two solutions, the velocity of destruction at 36'8° is thirty-one 
times that at 25’5®, so that the " physiological ” temperature- 
coefficient is of considerable magnitude. From the purely physical 
point of view, the former method of formulation is the more correct, 
since the hydroxyl ions represent the destroying agency ; the other 
method is, however, of the greater physiological importance, because 
in the fluids of the body the concentration of the hydrogen ions, 
but not that of the hydroxyl ions, is almost independent of the 
temperature. 

Destruction of pep.sin by hydroxyl ions always proceeds pro- 
portionally to that of rennet, no disproportionality being observ- 
able, even after partial adsorption of the enzyme solution by 
kaolin. The kinetics of- the reaction is expressed empirically by 
He equation -dxldt = h .xi .[OW]*, where x represents the 
quantity of enzyme present at time t. T. It. P. 
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The Influence of Neutral Alkali Salts on Diastatic 
Enzymes. I. Amandus Hahn and Kabl Harpcdeb ( Zeilsck ^ 
Biol., 1920, 71, 287 — 301).— The optimum H-ion concentration foj 
the activity of ptyalin is pjj— 6*4 — 6‘5, and for that of malt diastase 
p„ = 4-7. The enzymic activity is not only influenced by the 
H-ion concentration of the buffers, but by the concentration of the 
other ions contained in them. The combination of neutral alkali 
salts with the buffers produces either an accelerating or inhibiting 
influence, according to the reaction and concentration of the salts 
and buffers, on the activity of the enzymes. The optimum H-ion 
concentration is also changed by the combined influence of the 
neutral salts and the buffers. S. S. Z, 


The Influence of Neutral Alkali Salta on Diastatic 
Enzymes. II. Amandus Haun and Kakl Haepudkr (Zeilsck 
5sof,, 1920, 71, 302 — 310). — Neutral alkali salts move the isoelectric 
point of ptyalin and malt diastase in the acid direction. Tl, 
influence of sodium salts in this respect is more marked than that 
of potassium salts. The jnode of action of the above enzymes is 
independent of their electrical nature. 8. S, Z, 


The Process of Purifying Pancreatic Amylase. 
II. C. Sherman, I. D. Gar.ard, and V. K. LaMee (J, Aner. 

Soc., 1920, 42, 1900— 1907).— A further study of tb 
process of purification of pancreatic amylase previously desoribeJ 
(compare A., 1911, i, 827), a determination of the total solids ami 
enzyme activity being made at each stage. Tt was found tbt 
alcohol up to 5%, or an alcohol-ether mixture up to 8%, of tin 
volume of the subsf rale did not materially affect the activity of 
the pancreatic amylase. When extracts of pancreatin in 50"; 
alcohol were precipitated by an alcohol-cthcr mixture, the residual 
solution contained about 1% of the active amylase and 2'5% of fb 
solids of the original pancreatin, or about 5% of the solids origm- 
ally extracted. When this precipitate was dispersed in water inJ 
mixed with alcohol, the filtrate showed no amylolytio activity, 
although it contained 2,fi% of the solids originally extracted. Ic 
the process of purification used, about 50% of the amylolytic activity 
was lest by the end of the dialysis, but by using liquid-air coolinj, 
it was possible in other experiments considerably to increase tb 
proportion of active amylase recovered in the final product. Tb 
precipitate (“ sac precipitate ”) which formed in the inner solution 
during dialysis showed very high proteolytic and little or m 
amylolytic activii^-. W. G. 


Influence of Neutral Salts on Ferment Actioni 

S. M. Neuschlosz (Bfuger’s Arckiv, 1920, 181, 45 — 64; from 
Chem. Zentr., 1929, ill, 355. Compare this vol., i, 698). — Investi- 
gation of the influence of neutral salts, singly and in conjunction, 
on the fission of sucrose by invertase on the one hand and on tb 
surface tension of invertase solutions on. the other, leads to lb 
conclusion that the restrictive action of neutral salts on ferment- 
ative activity depends on a diminution of the dispersivity and ol 



ORGANIC CHEMISTRY. 


i. 777 


I he active surface of the ferment. The antagonism of ionic actions 
towards fermentation is shown in the diminution of the coefficient 
A', of the adsorption isotherm for the action of cations in mixtures 
of salts; when the antagonism is maximal, this has its minimal 
value. jj 

Decomposition of Tyrosinase into Components. Huoo 
Haehn {Biochem. ZeAtseh., 1920, 105, 169^192). — Further experi- 
ments have been made in order to ascertain to what salts the 
afltivating effect of the ash of the ultra-filtrate on a-tyrosinase is 
due (compare this vol., i, 102). 

The action of tyrosinase proceeds best when the reaction of the 
solution is approximately neutral, hydroxyl ions and the hydrogen 
ions of acetic, lactic, and hydrochloric acids exerting a retarding 
inffu^noe. Salts of a number of metals have been investigated, 
and it is found that zinc, cadmium, and calcium ions cause the 
most marked activation of a-tyrosinase, and surpass in their action 
llie ash of the ultra-filtrate itself. The phosphoric anion also 
strongly activates a-tyrosinase. The latter is an organic substance 
ihioh undergoes decomposition only at 80°, and is not decomposed 
by proteolytic enzymes. 

Tyrosinase must be regarded as a mixture of enzymes. Accord- 
ing to various investigators, the tyrosine is first decomposed by 
means of the aminoacidase in the sense of Strecker's eciuation, the 
phenolase then introducing a hydroxyl into the benzene nucleus. 
Subsequently, the melanin molecule is developed by the action of 
condensing enzymes, these being activated by metallic salts. It is 
to such salts that melanin owes its characteristic coloration, 

T, H. P. 

Organic Compounds of Arsenic. I. Reaction between 
the Grignard Reagent and Arsenious Chloride. Kaoeu 
M-atsiimiya {Mem. Coll. Sci. Kyoto, 1920, 4. 217— 223).-- -When 
arsenious chloride acts on magnesimn phenyl bromide in ethereal 
solution in equimolecular proportions, the product is triphenyl- 
arsine if the former is added gradually to the latter. If, how- 
ever, magnesium phenyl bromide is added to arsenious chloride, the 
product is diphenylchloroarsine. Under similar conditions, 
magnesium o-naphthyl bromide gives tri-a-vaphthylarsine, m. p. 
548°, and di a-na'phihjhMoroarsine, m. p. 116—117°, respectively. 

W. G. 

The Theory of Electrolytic Ions. XVII.’ The Conduc- 
twity of the Sodium Arsinates. RionAED Lorenz and Erika 
Schmidt (ZeiUch. anorg. Chem., 1920, 112, 209— 220).— The 
conductivities of the sodium salts of a number of substituted 
pbenylarsiiiic acids have been measured at dilutions from 23 to 
1024, and the limiting conductivities at infinite dilution have been 
t^alculated from the two KoUrauscli extrapolation formulse, 
and ( 1 ^ -p = fi[S„]l (compare this vol., ii, 6). The 
smallest conductivities were shown by the neutral monosodium salts 
01 araino-substituted acids, for exagnple, sodium arsanilate, 
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o-aminotolylarsinate, oo^-diaininodiplienylarsiiiat^, and dimethyl- 
aminophenylarsinate, the mono-acid salts of bivalent acids, such as 
dichloro- and dibromo-hydroxyphenylarsinic, m-dihydroxypheayl. 
arsinic, and the di-acid salt of S-nitro-i-hydroxyphenylarsinic acid 
[fiar =75—100). A second group, ^100—200, comprised the 
neutral salts of bivalent acids, such as those mentioned above and 
the mono-acid salts of tribasic acids. Higher conductivities were 
shown by the neutral salts of the tribasic acids, 3-mtrO'4-hydroxy- 
phenylarsinic acid (329) and dinitrohydroxyphenylarsinic add 
(330), by the mono-acid salt of phenylene-1 ; 4-diarsinic acid (287), 
and the neutral salt of the same acid (392). The aminophenyl- 
arsinic acids are probably monobasic through internal ring form, 
ation between the amino-group and the arsinic acid residue. 

E. H. R, 

Compounds of Arsenic Acid and Catechol, n, 

R. F. Weinland and J. Heinzler {Ber., 1920, 53, [^] 
1358—1368). — The authors have described previously the prepara- 
tion of catechol semiarsenate, As0(0*QH4*0H)5,4H20. and certain 
of its salts (A., 1919, i, 442); additional compounds of the acid are 
now discussed. 

Catechol semiarsenate forms rhombic bipyramidal crystals, 

6;c=0'958;l :0'988 (the (lihydmte, dimethyl alcoholate, colour- 
less rods, and diethyl alcoholate, long, colourless, flat prisms, are 
described) ; the free acid is hydrolysed by water, about 36% of the 
substance being present unchanged in 5% aqueous solution. The 
following salts are described, in which (as in the previous examples] 
the acid is monobasic unless the contrary is specifically stated: 
lithium salt (-f4H.>0), shining, stout, four-sided plates; 7aercurQm 

salt, j^As0(0-CaH,-0),^ brown, crystalline powder, which 

becomes yellowish-brown on exposure to air, owing to the absorp- 
tion of about 1% of water; thiJHum salt, ice-like crystals; chromhm 
salt (-fl2HoO), greenish-black cubes; aluminium salt (-+-121120], 
cubes; cerium salt (-t-15H20), colourless needles; lanthanum salt 
(-flSHgO), colourles-s needlee; ytirium salt (-i-lSHgO), colourless 

needles; Ai^mmmwccoWri-salt, j^As0(0'C(jH4*0)3j^^^^3)ft four. 

sided, yellowish-brown leaflets; aquo-pentamminecohalii^dM, acute, 
four-sided, brownish-red leaflets; cMoroyentamminecohalii-s^M 
short, copper-red rodlets ; aquopentamminenickeli-^BM^ rhombic, 
lilac platelets; monrvj/ndine salt, colourless, crystalline powder; 
dipyridine salt, stout, well-formed prisms, which continuously 
evolve pyridine; monoquinoline salt, yellowish-white powder (the 
salt is so sparingly soluble that, under definite conditions, it can 
be utilised in the gravimetric estimation of quinoline); salt with 
1'5 molecuIe.s of quinoline, yellow, pointed rods; monoaniline salt, 
rods or pyramids; dianiline salt, stout, rectangular plates or rods; 
guanidine salt, colourless cryst.als resembling magnesium ammoniiun 
phosphate. 
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As is to be expected from its behaviour with pyridine and 
quinoline, catechol semiarsenate yields sparingly soluble salts with 
the alkaloids; this has been demonstrated in the cases of morphine, 
quinine, strychnine, colchicine, hydrastinine, veratrine, coniine, and 
a/wmorphine. H, 

Aromatic Merouri-organic Derivatives. Mokris 8. 
Khaeasch and Jean F. Piccard {J . Amer. Chem. Sot'., 1920, 42, 
1855— 1864).— Methods are outlined for the preparation of a six- 
atom heterocyclic ring containing mercury in place of a non-metal. 
By the action of methyl sulphate on m-bromoaniline in the presence 
of sodium carbonate, a mixture of /u-brpmomethylaniline and 
M-bromodimethylaniline was obtained, from which, by treatment 
with sodium nitrite and hydrochloric acid, ui-bromo-p-uitrosodi- 
iacthylaniline and m-hromoplienyimcthylnitrosoamine^ m. p. 49®, 
were obtained. By reduction with stannous chloride and hydro- 
chloric acid, m-bromo-p-nitrosodimethylaniline yielded m-bromodi- 
mulhyl-^-phenyle-nediamtjie dihydrockloride, giving the free base, 
HI. p. 47-5®. The free base, when mixed with m-bromodimethyl- 
aniline and the mixture oxidised with potassium dichromate in 
hydrochloric acid solution, gave, on the addition of zinc chloride, 
ed-ilibromo-BindschedUr’s green, CjjHjjN^Br^Clj.ZnCl^, from which, 

by addition of mercuric 
\//\. I chloride, the double mercuric 


ClJIejN\ ^Br 


bJ, 


\/ 




: HgOlj chloride salt (annexed 


formula) was obtained. 
m - Bromophenylmethyl - 
nitrosoamine, when dissolved in a mixture of ether and alcohol and 
the solution saturated with hydrogen chloride, underwent molecular 
rearrangement, giving m-bromo-p-nitrosomethylaniline hydro- ' 
chloride, m. p. 168°, from which the free base was obtained. 

o-Chloromercuriphenol, when treated with nitrous acid, 
yielded p - nitroso-o- chloromermriphenol, OH'CjH 3 (NO)'IIgCl, 
which, when warmed with ammonium chloride, ammonium acetate, 
and ammonium carbonate, gave p-nitroso-o-chloromercurianiline. 

When heated with mercuric chloride, diphenylamine yielded 
lelrachloromercuridiphenylamine, NH[Ccn 5 (IIgCl)j].,, from which, 
hy the action of sodium thiosulphate, 3:3'-mercurimercaiine 
(formula I or II) was obtained. 


-NH- 


/\ /\ 
1 \ r „/1 I > 2 H ,0 




,/ 


-Hg- 


\/ 

I 


.NH, 




/\/‘ . 


(I-) (11.) 

When tetrachloromercuridiphenylamine was warmed with a 
mixture of sulphuric and nitric acids, dinitro-2 : 2' ; Z-trichloro- 
mcTcuridiphenylamine was obtained, which, by the action of sodium 
thiosulphate, yielded mercury-bis-Z-dinitro(\)-mercatine. W. 6. 

9 9" 
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Mercuration. V. Mercnration of . Phenol Ethers. \y, 

Manohot and F. Bosseneckeb (Annalen, 1920, 421, 331 — 345j 
— Volhard and Dimroth have shown that the mercuration oi 
derivatives of benzene occurs in such a manner that a hydrogen 
atom attached to the ring is replaced by the group HgX. The 
authors’ work on the mercuration of ethylene and its, derivatives 
has, however, rendered it not improbable that the primary pm, 
ducts are additive compounds. Experiments with various phenol 
ethers tend to show that such is actually the case. The products 
obtained with mercuric acetate vary with the particular ether 
used, but may be classified as more or less completely hydrolyse;! 
additive compounds. .They are readily decomposed by treatment 
with warm dilute hydrochloric acid, and are immediately converted 
by alkali haloids into products which are mercurated in the 
nucleus. 

p-Tolyl methyl ether slowly reacts with aqueous mercuric aceiate 
solution at 50°, giving the substance, 

3Ccn,Me-0Me-Hg(C2H302)j,2Hg0, 
thin, oolourle-ss needles, m. p. 132 — 133°, immediately transforisid 
by sodium chloride solution into the product, CcHjMe’OMe’Hgt l, 
colourless needles, m. p. 162°. Similarly, anisole yields the co»i. 
pound, CrHjO,Hg(OH).,, slender needles, m, p. 173°, which foniis 
anisole when treated with dilute hydrochloric acid, and p-anisvl- 
merouri-chlorido, ni. p. 236 — 237°, under the action of sodium 
chloride. In like manner, phenetole gives the substance, 
OEt-C„H3,Hg(OH),, 

small, matted needles, m. p. 135'5°, which is converted Ijv 
potassium bromide into p-phenetylracrcuri-bromide, needles, m, li, 
238°. H. W. 


Physiological Chemistry. 


Hydrogen-ion Measurements on Blood in the Neigh 
bourhood of the Isoelectric Point of Haemoglobin. 

T. R. Pahsons and Winifred Parsons (Proc. Physiol. Soe., 1. 
Physiol., 1920, 53, c — cii). — The view having been elaborates 
that, under physiological conditions, hiemoglobin is an acid of 
sufficient strength to expel carbon dioxide from sodium hydrogen 
carbonate at low tensions of the gas, it became of interest to observe 
the changes in its acid properties as the reaction of the medium in 
which it occurs appr .aches the isoelectric point. There is a sudden 
increase in carbon dioxide combining power in completely reduced 
hasmolysed blood, similar tc that noted by Straub and Meier (A , 
1918, ii, 467 ; 1919, i. 53) in acidified oxygenated whole and hsemo- 
lysed blood at a certain hydrogen-ion concentration not far removed 
from neutral point. 

Hydrogen-ion measurements were made at various tensions of 
carbon dioxide, and these results show that over a certain range, 
depending on the exact amount of lactic acid present, the hydrogen 
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ion of fcbo hffimolysed blood remains constant. It therefore appears 
that during this sudden increase of carbon dioxide combining power 
near the neutral point, the extra carbon dioxide is taken up in 
the form of sodium carbonate, and does not combine directly with 
htemoglobin. 

The reason why one molecule of extra carbon dioxide corresponds 
vrith each molecule of hmmoglobin seems to be that each hEemo- 
globin molecule is parting with one atom of available sodium for 
the formation of bicarbonate. It should be noted that this region 
of constant hydrogen-ion concentration is still on the alkaline side 
of the isoelectric point of haemoglobin. J. C. D. 

Occurrence of Creatinine and Creatine in the Blood in 
Healthy and Pathological Cases. IV. Revision of Previous 
Methods and Results. Jon. Feigl {Biochem. Zeiisch., 1920, 
105 , 255 — 281. Compare A., 1918, i, 202, 357). — The consider- 
ations here presented show that the numbers obtained by Folin's 
older method for the proportion of pre-formcd creatinine in the 
blood are to be regarded as trustworthy, but that the results 
obtained by American and German investigators for creatine are 
valueless. Revised procedure is described, aud new results given 
for blood of healthy and diseased subjects. T. H. P. 

The Appearance of Aldehyde-like Substances in the Blood 
of Six Persona (Diabetes Mellitus, Diseases of the 
Kidneys). Wilhelm Stepp (Biochem. Zeiisch., 1920, 107, 
60—80). — The presence of substances possessing the properties of 
aldehydes was established in the blood of some diabetic, nephritic, 
and other patients. These substances form iodoform with iodine 
in alkaline solution, and reduce Fehling’s solution as well as 
ainnioniaoal silver, and give a red coloration with magenta- 
sulphurous acid. They are destroyed on being heated with silver 
oxide. In certain cases, the Rimini reaction was also obtained. 
The above reactions were also obtained from distillates in alkaline 
solution. g. g, z, 

Physiology of Blood Sugar. III. The Residual Reduc- 
tion of Blood. Rich. Ege (Biochem. Zeitsch., 1920, 107, 
229 245. Compare A., 1918, i, 356 j ii, 278). — The residual 
reducing capacity of blood can be estimated by fermenting the 
reducing sugars with yeast. The reducing capacity of the yeast, 
as well as its activity, must be taken into consideration. The 
residual reduction of blood as estimated by Bang’s micro-method 
IS extremely small, and is of the same order in the plasma as in 
the corpuscles. Arterial and venous blood also show the same 
residual reduction. g. g, Z. 

The Chemistry of the ’i Blood-colouring Substances. 

b. Herzfeld and R. Klingee (Biochem. Zeitsch., 1919, 100, 
H— 80). — According to the authors, there is only oue substance, 
I’liemochTome, which is responsible for the colour of blood. It is 
an amorphous powder, wliich exists in colloidal solution in water. 
In alcohol aud bicarbonate, on the other hand, it exists in real 

g g** 2 
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solution. The spectroscopic behaviour of hsemochrome is influenced 
by the solvent in which it is dissolved. Haemoglobin is haemochromo 
adsorbed by globin. S. 8. Z. 

The Biochemistry of Phosphatides and Sterols. i 

R. Brinkman and (Fbl.) E. van Dam (Biochem. Zeitsch., 1920_ 
108, 35 — 51). — The osmotic resistance of blood corpuscles raised 
by washing them with a physiological salt solution (0'85% NaCl) is 
due to the removal of the adhering lecithin, which is adsorbed by 
them from the plasma, and which is responsible tor lowering their 
osmotic resistance. Cholesterol has the opposite effect. An 
isotonic sucrose solution does not remove the adhering lecithin. 
The analogy between the properties of the plasma lecithin and the 
serum complemeut, as well as its relation to the middle piece of 
the complement, is discussed. A method tor the estimation of the 
osmotic resistance of the corpuscles under various conditions is 
described. S. S. Z. 

The Biochemistry of Phosphatides and Sterols. II. The 
Importance of Cholesterol for the Physico-chemical Pro. 
parties of Cell Surface. R. Brinkman and (Fhl.) E. van Ihn 
{Biochem. Zeitsch., 1920, 108, 52— 60).— It has been pointed out 
by Hamburger {Pjliiger’s Archiv, 1895, 141, 230) and others 
that erythrocytes in salt solutions become spherical. The authors 
show that the slightly negative charge of the corpuscle is 
augmented by being in contact with the charged slide, and this 
increase in the charge is responsible for the change in form of ths 
erythrocyte. In the plasma the corpuscles are surrounded by a 
layer of lecithin containing cholesterol in colloidal solution, which 
prevents the cell from being acted on by an electric charge, and 
therefore their shape is not altered. S. S. Z. 

The Biochemistry of Phosphatides and Sterols. HI. The 
Significauce of the Functional Antagonism between Phos- 
phatides and Cholesterol. R. Brinkman and (Frl ) E. van D.u 
{Biochem. Zeitsch., 1920, 108, 61 — 73). — Phosphatides and 

sterols are always present in the animal organism in definite pro- 
portions, because they function antagonistically to each other. 
The relative amounts of cholesterol and lecithin influence the 
resistance of the corpuscles, the electrical isolation of the celb. 
the permeability to ions of the cell surface, and the water content 
of the tissues. The change in quotient of these two constituents, 
especially througt* the agency of nutrition, is of importance. .1 
ous-sided administration of lecithin to a rabbit has produced 
intensive hemolysis in vivo, as well as regeneration of the blood 
corpuscles. S. S. Z. 

Action of Electrolytes f on^* Ricin-Hsemagglutinaticn. 

Peter Rona and Paul Gvorgy {Biochem. Zeitsch., 1920, 105- 
120 — 132). — The results of the authors’ experiments show that the 
agglutination of blood corpuscles by ricin takes place solely u 
presence of electrolytes. The cations may be arranged in the 
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following series, the first having the least and the last the greatest 
effect on the agglutination : K, Na, Ba, also Mg, Ca. Contrary 
to the statements of various authors, the agglutination is influenced 
differently by different anions; in the series Cl, SO,, NO 3 , phos- 
phate anion, FeCy,;, SCN, I, the first aids agglutination the most 
and the last the least. The results obtained are in agreement with 
Freiindlich and Rona s theory, according to which the sensitisation 
of blood corpuscles depends on diminution of their electric charge. 
Roughly quantitative investigation of the cataphoretic velocities 
of blood corpuscles charged with ricin, aud others uncharged, 
appeared to indicate no certain difference between these velocities. 

T. H, P. 

Preparation and Investigation of Thrombin. Mix 

B1.EIBTEEU and Edgah Atzler {Pfiiger’s Archiv, 1920, 181, 
130—140; from Ohem. Zenfr., 1920, 'iii, 420).— Acetic acid is 
added to the serum (100 c.c.), which has been agitated with casein 
(1 gram), whereby the latter is precipitated, together with the 
adsorption compounds which it forms, with thrombin and meta- 
thrombin. The preparation is stable when dried and powdered, 
aud does not lose its activitv when preserved during a year. 
Active and stable thrombin solutions can be prepared from it by 
treatment with water and A’.sndium hydroxide solution, neutral- 
isation with -V-hydrochloric acid, and purification bv precipitation 
with colloidal ferric hydroxide, saturated magnesium sulphate 
solution, and alcohol (one-third to onc-half volume), and these 
solutions have been found useful in treating hfemorrhago in 
animals. In an electric field, thrombin and metathrombin mi'gTate 
to the anode. 

Mechanism of Pepsin Action. A. Gvemaxt (Biochem. 

1920. 105. 155 — 168). — The author discusses the two 
principal theories of the action of pepsin, especially that according 
to which the function of the acid is to cause the protein to swell, 
and so become accessible to the enzyme. When hydrochloric acid 
is used, the “protein chloride” is usually a strongly dissociated 
electrolyte, so that, as the acidity increases to a moderately high 
value, the number of protein ions and the swelling must increase. 
This is, however, not always the case, since with serum albumin 
sulphosalicylic acid, and with ricin globulin + sulphosalicylic acid, 
the acid causes, not swelling, but precipitation, of the" protein! 
Digestion experiments with the heterogeneous systems thus 
obtained show that the optimal acidity is 7 )„ = l- 7 — 2 ; this 
optimum coincides with that observed with dissolved protein, 
although, if the swelling had any influence, displacement of the 
optimum would he expected. Further experiments show that the 
whole course of the digestion curve, as well as the position of 
me optimum, may be attributed solely to the concentration of the 
hydrogen ions by virtue of their simultaneous actions on the 
protein and on the pepsin. The position of the optimal hydrogen- 
lon concentration is never affected by the nature of the anion of 
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the acid, but this may in some cases, for instance with 
salicylic acid, influence the absolute amount of digestion. ^ ^ 

The Siffniflcanoe of Gastric Hydrochloric Acid, and the 
Imnortance of the H-ion Concentration in Biological 

I. Teaubs {B^ochm. Z.itsck, 1920, 107 , 295-399). 
—A theoretical paper. 2. 

The Problem of Nuclein Metabolism. The Formation 
of Uric Acid after Parenteral Administration of Purine 
Nucleosides in Healthy Men. Julius Hothee (Zeitsck physiol. 
Chem 1920 110, 245— 253).— A rise was observed in the uric 
acid excretion of patients who previously received an intramuscular 
injection of euanosine. The author points out that, as the treated 
patient manifested high temperatures and other abnormal 
symptoms, it is possible that the increase in the uric acid may not 
have been due entirely to the decomposition of the guanosine, but 
may have been produced endogenously, owing to the disturbed 
condition of the patient. 

Intermediate Metabolism and its Active E^ymes, 

Toesten Thunbeeg {Skand. Arch. Physiol., 1920, 40, 1— -91 ; from 
Chem Zentr., 1920, iii, 330-391).-The severed muscular tw. 
of a recently killed frog, after being extracted with water, oses 
the power of decolorising methylene-blue in a medium free from 
oxygen ; this capacity can, however, be restored by the addition 
of certain substances, since, under the action of an enz^e, two 
atoms of hydrogen are removed from the latter and transferred to 
the dye, with consequent formation of its leuco-base.^ The cells 
are provided with an enzyme which is specifically active towards 
those substances which activate the decolorising capacity, and these 
substances therefore probably represent intermediate^ stages 
through which the primary simple nutrient materials pass in tlieii 
transformation into the final products. The author therefore con- 
siders materials such as dextrose, fats aipino-acids etc., to undergo 
a series of transformations by indirect oxidation efiected by 
“dehydrogenation.” The newly discovered enzymes, in tb« 
capacity as “hydrogen transportases," bring about the removal o 
hydrogen from' the nutrient material, which either combines witl 
olygen or is employed in the halogenation of other s'Astan® 
Acceding to this conception, all nutrient matenal, no matter 
how diverse a character, must be able to yield hydrogen, 
latte- is the universal fuel for all cells. The replaceability of 
food by another is thcreiore regarded in a new light. 

The following substances, act as power ul restorers of fte W 
decolorising power: formic, acetic, butyric, - ’ 

fumario, maleic, tartronic, I- and dhmalic. 1-, r-, and 
1 -a-hydroxyglutaric, citric, lactic, a- and 
and glutamic acids, and alanine. _ On the other 
materials are inactive: propionic wobiityric, Movaleric c to 
allylacetic, oxalic, malonic, glycollic, hydroxyMobutyric, metny 
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guccinic, glufcaric, adipic, and a number of other saturated and 
nnsaturated dicarboxylic acids, glycine, leucine, phenylalanine, and 
other amino-acids, creatine, creatinine, guanidine hydrochloride, 
taurine, urea, and glucosamine. 

It is possible to differentiate between the various enzymes from 
the mixture in the muscle by powerful and rapid cooling and by 
increase in temperature; the enzymes which act on the different 
acids mentioned above show a very uneven resistance to alterations 
in temperature and a pronounced ‘‘ cryolability." H. W. 

The Relation of Cholesterol to the Intermediate Stage 
of Fat Metaholism. W. Hueck and. L. Wacker (Biochem. 
^eitsch-> 1919) 100, 84 — 99). — The free and esterified cholesterols 
^ero estimated in the total blood, the serum, and in the fresh and 
dried erythrocytes and leucocytes in the blood of various animals. 
The results are given in a table. The erythrocytes are character- 
ised by the absence of cholesterol esters. The cholesterol in animal 
fat was found to be present mostly, if not entirely, as free 
cholesterol. Cholesterol was also fed to rabbits, and the lipoid 
fraction of the blood was examined in these animals as well as in 
normal and starving rabbits. The results show a great variation 
in the cholesterol content of the blood of normal rabbits, An 
increase was found in the total lipoids, the free and esterified 
cholesterol, and the lecithin in the blood of the animals which 
received the cholesterol. Lipaemia was observed in the starved 
animal. S. S. Z. 

Action of the Accessory Food Factors. Fritz VERzkand 
Josef Bogel {Biochem. Zeitsch.^ 1920, 108, 18a — 206). — The 
pharmacological action of extracts of the fat-soluble A and water-, 
soluble B accessory food factors on various organs was examined. 
^0 characteristic behaviour of these factors could be established. 

S. S. Z. 

Amino-acids in Nutrition. I. Studies on Proline : Is 
Proline a Growth-limiting Factor in Arachin (Globulin 
from the Pea-nut) ? Barnett Sure (/. Btol. Chem., 1920, 43, 
443 — 456 ). — The biological value of arachin as tested on rats 
appears to be low, but the low content of proline is not the factor 
limiting growth. Evidence in support of this is given by experi- 
nienta, which showed that proteins rich in proline, such as zein 
and gelatin, do not supplement the protein arachin. Other ex- 
periments show that the low nutritive value of arachin is not 
raised by additions of tryptophan, cystine, a mixture of glycine, 
alanine, and valiiie, or by the sister globulin, conarachin. 

Lactalbumin supplements arachin, j)articnlariy when cystine is 
also added. J. C. D. 

Amino-acids in Nutrition. 11. The Nutritive 
Lactalbumin : Cystine and Tyrosine as Growth-limiting 
Factors in that Protein. Barnett Sure {/. Biol. CJiem., 1920, 
43, 457 — 468).— The proteins removed from milk by coagulation, 
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after caseinogen has been separated, do not possess a high bio- 
logical value for growth in rats. Cystine and tyrosine will raise 
this value and supplement the protein deficiencies. Lactalbuniin 
is not, however, a protein with an unusually low cystine content 
and this suggests that the efficiency of a protein may largely 
depend on its constitution as well as on its composition of amino- 
acids. The author suggests that the opinion expressed by Osborne 
and Mendel (A., 1916, i, 690), that lactalbumin is a protein of Mg;, 
nutritive value, is founded on experiments which are open to 
criticism. Evidence was obtained that organically-bound sulphnr 
and a substance giving a Millon reaction are present to an 
appreciable extent in protein-free milk. J. C. D. 

Capillarisation in Biochemistry. Rudolf Keller { Bioclm . 
ZeiUch., 1920, 107, 43 — 49).— A theoretical paper on capillary 
electricity. S. S. Z. ' 

Taste. Shintaro Kodama («7. Tohyo Chem. Soc., 1920, 41, 
495 — 534). — Considering the facts that (1) optical isomerides have 
different taste, (2) substitutions always affect the taste, (3) all the 
compounds containing cither Cohn’s sapophore group or Oertly 
and Meyer’s glucophore contain vibratory hydrogen, and (4) the 
taste of electrolytes is due to the sum of the tastes of molecular 
electrolyte, anions, cations, and complex ions, the author ])roposef 
a theory that the taste of organic substances is due to electric 
vibration of the sapophoric element. A detailed explanation, anc! 
examples with several hundreds of different compounds, are giveo, 
Applications of the theory in physiology, psychology, and medicine 
are suggested. Methods of preparation of different optical 
isomerides iised for taste experiments are included in the last 
chapter, Chemical Abstracts. 

Taste. Yrjo Rexqvist (Skand. Arch. Physiol,, 1918, 38, 
97 — -201;. from Ohem. Zentr., 1920, i, 591). — The taste system i? 
composed of the sensory particles and their components and the 
liquid or solution; it is thus a heterogeneous system, one part o*’ 
which comprises the colloidal protoplasmic taste cells or nerve 
terminations, and the other the liquid or solution. The mair. 
changes which occur depend on alteration of surface and electrics! 
energy. Equally marked sensations of taste must correspond with 
the adsorption of equal amounts of the substance by the organ? 
of taste. The concentration necessary to induce taste with the 
alkali salts is an .dditive function of the inverse values of the 
rates of migration of the ions. The concentration for barium and 
calcium chlorides is less than that for the alkali salts, whilst for 
aluminium chloride a minimum value is attained. Valency is 
therefore an important factor, and this appears to indicate a 
suspensoid character of the adsorption in the system of taste. In 
addition to the rate of adsorption, electrical phenomena are also 
important in their effect on the induction of taste by different 
electrolytes. The phenomena of the sensation of taste produced 
by homologous and isomeric compounds are explicable on the 
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assumption that the process is one of adsorption. Experimental 
investigation confirms the accuracy of a deduction, from which it 
appears that the sensation of taste is more persistent with increas- 
ing concentration of tasted substance and increasing adsorption 
exponent, and with decreasing inducing concentration and rate of 
diffusion. The author also examines the qualities of taste, their 
variation with differing concentrations of electrolyte, and their 
relationships to the differences of potential caused by the electro- 
lyte in the sensory system. The quality of the induced taste can 
be foretold with some degree of accuracy if the rate of migration 
of the ions of a univalent electrolyte and its concentration are 
known. The compensation of taste” is a peripheral phenomenon 
which is observed in the sensory system; a bitter taste is not, 
however, compensated. The "fundamental tastes,” sweet, bitter’ 
and sour, are chosen, from which, in analogy to the 'Young- 
Helmholtz theory of colour vision, all the various sensations of 
taste can be compounded. g; 

The Inducing Value of the Sensation of Taste by certain 
Homologous and Isomeric Compounds. Yr. 7 u Renqvist 
[SJinnd. Areh. Physiol., 1920, 40, 117—124; from Chem. Zentr., 
1920, iii, 425— 426).— The concentrations requisite to produce the 
sensation of taste have been estimated for six different alkyl esters 
of oyanoacetic acid, the methyl and ethyl esters of oxalic, malonic, 
and succinic acids, the homologous monohydroxy-alcohols from 
methyl to octyl alcohol, and various isomeric esters of certain ether 
acids. In the majority of cases, the results are in agreement with 
the relationships established previously (preceding abstract) 
between the inducing concentration for taste and the coefScients 
of diffusion. The inducing concentrations of isomerides are 
approximately equal, _ whilst with homologous compounds they 
diminish with increasing molecular weight. The surface tensions 
of isomeric substances at the inducing concentration are determined 
by the drop meiliod, and found to be approximately equal. 

H. W. 

Protamine from the Spermatozoa of the Japanese 
Mackerel, Scomber japonicus. Konihiko Sdmikuea (/. Tokyo 
(hem. Soc.j 1920, 41, 281—310). — Crude protamine is prepared 
by Kossels method, dissolved in hot water, histope is removed by 
precipitation with ammonia, and the filtrate is neutrali.secl with 
sulphuric acid. By adding a neutralised sodium tungstate solu- 
tion, a white precipitate is obtained, which is recrystallised 
repeatedly and dried over sulphuric acid. This product is redis- 
solved in hot water, and | vol. of 50% alcohol is added to obtain 
a white turbidity. Cooling over ice and the addition of ether give 
the oily substance, which, after being washed seven to eight times 
with water saturated with ether, is precipitated by alcohol (three 
times the original vol,). The precipitate is washed with alcohol-ether 
mixture and dried over snlphuric acid. Such protamine contains 

u 31% N, 7’15% H, 36'48% C, 22'03% H 2 SO 4 , corresponding with 
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C3 oH„OjNi 4,2H2S04, which shows less nitrogen, and more hydrogen 
and oxygen, than scombrin, prepared from European mackerel by 
Kuraiev Hydrolysis gives 0-609% of ammonia-nitrogen, 0-096% 
of hexone base nitrogen, 71-73% of arginine nitrogen, 17-26% of 
monoamino-Tiilrogen, on the basis of 100 parts of the total nitrogen, 
Lysine is absent, and the presence of histidine is doubtful. Ihe 
protamines of European and Japanese mackerels are probably not 
identical. Chf.micai. Abstracts. 

Proteinogenous Amines. X. The Response of the Excised 
Uterus to Potassium, Rubidium, and Caesium Ions. 
Milton T. Hanke and Karl K. Koessler (./. Biol. Ghem., 1920, 

43 579 582), Potassium and rubidium salts in concentrations 

of about 71775 produce tonic contraction of the virgin uterus of 
the guinea-pig, from which the muscle does not recover until the 
stimulating ions are removed. t rt -n 

The response with csesium is less marked. J . t. D. 

Lipoids. XVII. Dilignoceryl-JJ-diglucosamine Mono 
phosphoric Ester, a New Diaminomonophosphatide from 
the Brain. S. Fraskei. .and F. Kafka (Btoclwm. Zeitsck 
1920 101, 159—171. Compare A., 1914, i, 128),— Brain dried in 
a vacuum at a low temperature, and freed from cholesterol by ex- 
traction with acetono, was e.xtracted with boiling light petroleum. 
The concentrated petroleum fraclion was extracted further -with 
absolute alcohol, A lead compound, CjjlIinOjjNjPPbj, decom- 
position point 305—308°, was obtained from this fraction, which, 
unlike Thiidichum’s myelin, was soluble in ether. It was also 
soluble in benzene, but not in alcohol. By decomposing the lead 
salt with hydrogen sulphide, the free com|iound, CsjHjjjOijS.iP, 
m. p, 190°, was obtained. On hydrolysis, ligiioceric acid, glucos- 
amine, and phospboric acid were o!)tained from tbis compound. It 
is, therefore, dmffnocenjl-^-di{jhcosamine monophosphonn esUr. 

’ s. s. z. 


Unsaturated Lipoids of the Liver. P. A. Levekk and 
T. INGV-ALDSEN (J . Biol. Chcm., 1920, 43, 359— 378).— The un- 
satisfactory state of the knowledge regarding the phosph^ides of 
the liver led the autliors to reinvestigate the subject. The un- 
saturated lipoids of other organs have been cla.ssifled as (1) acetone- 
soluble lipoids, consisting principally of leoitbin with small pro- 
portions of cephalin; (2) acetone-insoluble, but alcohol-soluble 
fraction, which con Jsts of lecithin with larger proportions of 
cephalin; and (3) a fraction insoluble in acetone and alcohol, whicb 
consists of very small proportions of lecithin with larger amounts 
of cephalin, together with substances which are derived from the 

lipoids themselves. . 

These three fractions, with their general characteristics, were 
obtained from liver tissue, and in this respect the lipoid 
obtained from the liver is similar to that obtained from the other 
organs. A study of the lecithin isolated from the liver reveals 
that there are two fatty acids in the molecule, one saturated, steanc 
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acid, and the other unsaturated and of the linolic series. No 
evidence of the presence of oleic acid was obtained. 

The paper records progress in the attempts to prepare a pure 
specimen of cephalin. Preparations containing 70% have been 
obtained. J. C. D. 

presence of a Large Amount of Cholesterol Ester in the 
Liver Oil of the Basking-shark, Cetorhinus maximus, 
Gunner. Mitsomaeo Tsojimoto {Dull. Tokyo Ind. Besearch Lab., 
1920, 15, No. 2, 1 — 10). — So far, an animal oil has never been 
reported to contain more than 3% of cholesterol. The oil extracted 
at 100° from the liver of a young basking-shark had 0 917G, 
acid number 0'301, saponification number 14-57, Wijs number 
174'4, 1‘483G, butyrorefractometer at 20°, 87-2, [o] — 2'7, un- 

sapohifiable matter 20-55%. It contained 9% of squalene. 42% 
of the unsaponifiable substance is found to be cholesterol ester, 
corresponding with 8-6% of original oil. More than 90% of the 
cholesterol exists as ester, the remainder being free. By means of 
lipase, this cholesterol ester was separated from other fat. 
Whether the presence of such a large amount of cholesterol in the 
oil of this shark is characteristic of this fish or is due to a peculiar 
pathological condition which might be associated with this 
particular specimen has not been yet determined. 

Chemical Abstracts. 

The Monoamino-acids of the Lens of the Eye. A. Jess 
(ZeiUch. physiol. Chem., 1920, 110, 266— 276).— The mouoamino- 
aeid content of the albumoid, the a-cristallin, and the ^-cristallin 
of the lens of the eye has been determined. The outstanding 
feature of this analysis is that the alanine content of the albumoid 
is low, 0’8% against 2-6% and 3-6% in the )3-orystalHn and the 
n-crystallin respectively. Only traces of valine (0-2%) could be 
detected in the albumoid. One-half of leucine and its isomerides 
could he established in the j3-crystallin as compared with the 
quantities of these substances present in the a-crystallin and the 
albumoid. No very striking differences in the content of the other 
monoamino-acids of these proteins could be established. S. S. Z. 

The Capacity of the Animal Skin to React with Phenol- 
aldehydes. Otto Gebngross [Biochem. Zdtsch., 1920, 108, 
82—97). — Glycylglycine ester when treated with, o-protooatechu- 
aldehyde and o-vanillin, respectively, yields compounds showing 
a golden-yellow colour similar to that obtained when skins are 
treated with these substances. A combination of o-protocateebu- 
aldehyde with f-tyrosine methyl ester yielded a similar colour. 
Hide powder previously treated with formaldehyde was only slightly 
coloured by phenolaldehydes, and this colour could be washed out. 
This shows that the basic groups of the skin react -with the phenol - 
aldehydes in the ordinary way. On the other hand, treated and 
untreated skins gave the same coloration with sodium diazohenzene. 
sulphonate. The imino-group of the iminazole ring does, therefore, 
not react with formaldehyde. o-Protocatechualdehyde is capable 
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of tanning skins, o-vanillin is not. Tke author attributes tbe 
tanning action to the two hydroxyl groups in the benzene ring of 
the former compound. He also suggests the possibility that the 
colouring action of the phenolaldehydes is not due to the aldehyde, 
but to the phenol group. The colouring cannot be ascribed to the 
formation of a Schiff’s base. S. S. Z. 

Amino-acids of the Blood aa the Precursora of hJiUj 
Proteins. 0. A. Cary (J. Biol. Cham., 1930, 43, 477 — 489).— 
the non-lactating cow, the level of amino-acid nitrogen is approxini. 
ately the same in the blood from the mammary vein and from the 
jugular vein. When the mammary gland is active, however, the 
level of amino-acid nitrogen is very much lower in the blood in 
the mammary vein than in the jugular. This indicates that the 
proteins of the milk are built up from amino-acids brought to the 
gland by the arterial system. 

Tbe carbon dioxide capacity of the plasma has also been studied 
in both conditions, but the significance of the results is uncertain, 

J. C. D. 

Influence of Ether or Alcohol on the Coa^fulation of 
Milk. Influence of Sodium Nucleinat© on the Coagulation 
of Milk and Blood. M. Doyon (CompL rend. Soc, Biol, 1930, 83, 
918 — 919; from Chcm. Zentr., 1920, iii, 395). — The coagulation of 
milk by rennet is noticeably facilitated by the presence of ether 
or alcohol, but retarded by sodium nuclein ate ; the latter effect is 
immediately removed by addition of calcium chloride. Blood 
does not coagulate, but rapidly suffers very marked hsemolysis when 
brought directly into sodium nucleinate; in Ibis case, also, 
coagulation is immediately ind\iced by the addition of calcium 
chloride. H. W, 

The Technique of Urine Acidimetry (specially for 
Clinical Purposes). W. Biehler (Zeitsch. physiol Chem., 1920 , 
110, 298 — 306). — The H-ion concentration of urine calculated 
from titration figures differs from values obtained by direct estim- 
ation of the H-ion concentration. By plotting curves from the 
values obtained by the two methods, it is seen that there is a 
relationship between the two sets of results. It is suggested that 
the real H-ion concentration can be obtained by titration and 
comparing the two curves. S. S. Z. 

Pyrrole and Iw alanuria. III. Pietro Sacoardi {GazzeUa, 
1920, 50, ii. 118—128. Compare A., 1919, i, 421; this vol.. 
i, 203). — In view of the fact- that by some tyrosine and by others 
adrenaline is regarded as the mother substance of the melanins, 
the author has made experiments the results of which indicate 
that tyrosine alone is not capable of giving rise to melanin, since 
it exhibits great resistance to organic and inorganic oxidising 
agents; adrenaline is considerably more sensitive than tyrosine fo 
oxidising agents, and, under the action of chlorine water, yields a 
brown precipitate of the appearance of melanin, 



PHYSIOLOGICAL CHEMlSTKYi 


i. 791 


Pyrrole administered by ingestion is slowly absorbed and slowly 
eliminated by man, and large doses are necessary to produce 
inelanuria, since the organism partly destroys it and partly 
eliminates it unchanged; when injected, pyrrole is largely oxidised. 

Egg-albumin, but not dextrose, yields a true melanoidal sub- 
stance when subjected to protracted boiling with concentrated 
hydrochloric acid. 

llelanins from hair, from the choroid, and from a melanotic 
tumour undergo vigorous oxidation when treated with peracetic 
acids, and yield minute, acicular or tabular crystals, which, in view 
of the resemblance between the phenomena of tlie.se oxidations and 
those of the oxidation of pyrrole-black, may consist of succinic acid 
or succinimide. H. P. 

The Physiological Action of Silicic Acid. The Influence 
of Silicic Acid on the Animal Organism. Franz Schhhbadke 
{Biochetfi. Zeitsch.j 1920, 108, 304 — 308j. — Merck’s preparation 
of natrium silicium purissimum is hydrolysed in the intestine by 
the action of water, with the formation of sodium hydroxide. This 
change can be obviated by neutralising the preparation. 

8, S. Z, 

The Physiological Action of Silicic Acid. The Absorp- 
tion of Silicic Acid. Fr. Breest {Biochem. Zeilsck, 1920, 108, 
309—316). — A rise in the silica content of the body can be estab- 
lished by increasing the silica in the food in a suitable form. Only 
a small portion of the administered silica is retained by the body. 
The author confirms Schuhbauer’s results concerning the hydrolysis 
of Merck’s silicates (sec preceding abstract). S. 8. Z. 

Do Amino-acids J Possess^ Secretin Characteristics ? 

Schweitzer {jBiochem', Zeitsch., 1920, 107, 256— 267).— Amino- 
acids obt^iinecl by hydrolysis of protein with hydrochloric acid at 
100° have shown no definite secretin action on the gastric glands. 
It is concluded from some of the experiments tliat secretin activity 
is act due to a single definite chemical substance, but may be pro- 
duced by various compounds. S. 8. Z. 

The Physical Theory of Pharmacological Actions. 

Wolfgang Hedbner (Hiacliem. Zeitsch., 1919, 101. 54—61).— 
A theoretical paper in reply to Traube (this vol.,-i, 204), 

8. 8. Z. 

Pharmacological Actions of the Reduction Products of 
Coumarin. K.. Fromherz {Biochem. Zeitsch., 1920, 105, 
141—144. Compare Ellinger, A., 1908, ii, 1060; Trendelenburg, 
■irch. exp. Path. Pharm., 1915, 79, 9, 190).— The author has 
investigated the action on various animals of hydrocoumaric acid, 
its lactone (melilotol), o-hydroxypheuylpropyl alcohol, and the ether 
of this alcohol (chroman). The results obtained show that, with 
the exception of hydrocoumaric acid, these compounds exhibit 
approximately the narcotic properties of coumarin, but show no 
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advantages, especially as regards tli© ratio of toxicity to activity^ 
over the parent substance. Further, Frankel a view ( Arznei- 
mittelsynthese that coumarin is a substance which exerts 
narcotic effects in virtue of its carbonyl group, is contradicted, 
since reduction of the carbonyl tn methylene does not remove the 
narcotic properties. Comparison of hydrocoumaric acid with 
melilotol appears to indicate that the lactone ring is of significance 
as regards narcotic action, but this indication fails when the lower 
stages of the reduction are reached, T. H. P. 

Qaantitative Studies in Chemotherapy. I. The Trypan- 
ocidal Action of Antimony Compounds. Carl Voegtlis 
and Homer W. Smith [with Marian M. Crane, Katherine D. 
Wright, and Mabel A. Connell] (/ . Fharm. Exp. Th^r,^ 
1920, 15 , 453— 473).— The specific action of antimony lactate caa 
be studied fairly accurately by following the disappearance of the 
trypanosomes from the blood stream of infected rats. There is a 
sharply defined threshold stage, below which the drug has no 
appreciable effect on the parasites. The process curve is an orderly 
one, and consistent throughout individual experiments. 

. J. C. P. 

Quantitative Studies in Chemotherapy. II. The Trypan- 
ocidal Action of Arsenic Compounds. Carl Voegtlin 
and Homer W. Smith [with Marian M. Crane, Katherine E. 
Wright, aud Mabel A. Connell] {J. Fharm. Exp. Thr., 
1920, 15 , 475 — 493). — Differences in the toxicity of various arsenic 
preparations have been explained on the hypothesis that they 
must be changed into one type, namely, the tervalent oxides, 
RAstO, before exerting their principal toxic effect. J. C. D. 
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Metabolic Action of Bacteria. Fritz Verzar and Joskf 
Bogel {Biochem. Zeitseh., 1920, 108, 207 — 2\^).---Streptoco<:cm 
haemolyticus forjj’.. only acid, bub not alkali, with dextrose. The 
acidity attained by Bacillus paratyphosus-B and B. proUu?: i’ 
independent of the initial reaction. In the formation of acid, 
B. coH cornvuinis produces gas; on the other hand, it uses up 
oxygen when it forms alkali. There is no connexion between 
mobility and gas formation in paratyphoid organisms. Ethyl 
alcohol, methyl alcohol, chloroform, and formaldehyde inhibit the 
gas exchange of these organisms. Mudi smaller doses produce 
definite retardation, A relation between the maximum acid 
formation and the presence of alcohols is established. S. S. Z- 
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The Chemical Composition of the Tubercle Bacillus 

A, GOBIS (Ann. hut. Pasteur, 1920, 34 , 497-546).— See this 
vol., ij 582. 

Antagonistic Action of Calcium and Iron Salts toward 
other Salts as measured by Ammonification and NitriB- 
cation. J. E. Greaves (Soil Set., 1920, 10 , 77— 102),— Experi- 
ments were made on the effect produced on the bacterial activity 
of a fertile, sandy loam soil by the addition of calcium and iron 
alts. The ammonifying and nitrifying powers of the soil were 
first reduced by tne addition of various salts, then increasing 
amounts of the calcium salt or the iron salt were added, and the 
sffect on ammonification and nitrification was observed Calcium 
sulphate was found to neutralise the toxic effect on ammonifica- 
lion of sodium carbonate, nitrate, and sulphate, calcium chloride 
and magn^ium chloride and sulphate. It had no antao'oiiism to 
sodium chloride. Similar resnlls were obtained in the case of 
iiilrifioation, except that there was no antagonism towards sodium 
sulphate and calcium chloride. Thus both the anion and cation 
lake part in the antagonism. 

Ferrous sulphate was found to be antagonistic to sodium 
chloride, carbonate and nitrate, and calcinni chloride' 
fcirous chloride to sodium chloride a»id nitrate, calcium chloride' 
and magnesium sulphate; ferrous nitrate to magnesium chloride 
;uid sulphate, calcium chloriae, and sodium carbonate, sulphate. 
cMoiide, and nitrate; ferrous (;arboiiatc to sodium chloride and 
carbonate, calcium chloride, and magnesium sulphate. The 
oreatest effect was produced by ferrous carbouate on magnesium 
sulphate, in which mixture 75% of the toxic effect was neutralised. 
Is the case of uitriiicatiou, the order differeti, and the greatest 
pfait was produced by ferrous nitrate against magnesium chloride, 
llie quantity of iron required for maximum effect varied with the 
hfferent sMts, but iu no case exceeded 186 parts per million. 

J. H, J. 

The Pharmacology of Selenium and Tellurium. I, 
The Action of their Acids'on Bacteria, Geoek Joachimogld 
(S-ociem. Zeitsch., 1920, 107 , 300— 312).— The, ions of tellurous 
and selenious acids are much more active than those of telluric 
and seleuio acids. The growth of moulds is scarcely affected by 
iiie action of tellurites and tellnrates. Bacteria, especially of the 
vqAus-coli group, are, on the other hand, very sensitive to the 
action of these substances. The author suggests the application of 
lc.liirium compounds in the chemotherapy of typhoid infection. 

S, S. Z. 

°%odynamy of Silver. E. Doerr (Biochem. Zeitsch., 1920, 
106, 110—133). — “Oligodynamic” water, that is, water which by 
prolonged contact with metallic silver has become bactericidal, 
shows all the properties of an antiseptic. Dilution with distilled 
water or concentration by distillation produces the corresponding 
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quantitative change, but no qualitative change, in the antiseptic 
power; the distillate acquires no such property. If reducing sub- 
stances are excluded, boiling causes no diminution in the bacleri. 
cidal action of the water. The presence of sodium chloride retards 
this action, and that of horse serum destroys it. The antiseptic 
property of oligodynamic water appears to be to some extent 
specific, bacteria of different species exhibiting resistance in 
different degrees. Solutions of definite silver compounds show the 
same properties as oligodynamic water. T. H. P. 

Oligodynamics of Silver, II. R. Doere {Biochem. Zeitsch., 
1920, 107 , 207 — 218). — -The bactericidal action of metallic silver 
disappears when the metal is ignited, boiled several times in dir.- 
tilled watei', or is embedded in an agar jelly. The inactivated 
metal can be reactivated by being treated with very dilute solu- 
tions of a strongly dissociated acid. The oligodynamic principle 
of silver is dialysable, and shows the same properties of diffusion 
in agar jellies as silver oxide and silver nitrate. Bacteria seeded 
on an agar plate containing metallic silver, silver oxide, or silver 
nitrate grow often in two concentric rings similar to the Liesegang 
phenomenon. Pieces of silver embedded in a blood-agar plate 
produce haemolytic zones. S, S. Z. 

The Antiseptic Action of Some Chlorine Derivatives oi 
Methane, Ethane, and Ethylene. E. Salkowski {Bioehem. 
Zeitsch., 1920, 107, 191 — 201). — The suitability as preservatives 
of methyl chloride, chloroform, methylene chloride, acetylene 
dichloride, trichloroethylene, and ethyl chloride was tested. Tri- 
chloroethylene, on account of its low price, of the small quantities 
required to be employed, and of its volatile character, was tounil 
to be the most suitable preparation. S. S. Z. 

Dependence of Yeast-growth and Fermentation on 
Physico-chemical Phenomena. Kkiedrich Boas (Biochea, 
Zeiisch., 1920, 'i05, 193 — 198). — ^The author’s experiments on the 
fermentation of dextrose solutions containing different proportions 
of ammonium sulphate confirm the observation that fermentation 
exhibits an optimum for a definite concentration of nitrogenous 
material. The results obtained by Pringsheim (A., 1907, ii, 2Si; 
1908, ii, 316) with asparagine and ammonium sulphate are 
considered in the light of colloidal chemistry, and the conclusion 
is drawn that the olasma membrane of the yeast cell, somewhat in 
the same way as a lecithin membrane, is rendered either denser 
or looser by different concentrations of nitrogenous substances, the 
sugar thus entering the yeast cell either slowly or rapidly, and the 
fermentation being correspondingly slow or rapid. When peptone 
is used as source of nitrogen, maxima of fermentation similar to 
those obtained with asparagine, etc., are observed at first, the 
peptone being thus converted into crystalloid nitrogen compounds 
at the plasma membrane; this phenomenon soon disappears, owing, 
presumably, to the formation from the peptone of compounds which 
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counteract the crystalloid compounds. These membrane eSects are 
observed also with synthetic leucine, but not with natural leucine 
derived from molasses. T, H. P. 

Rhythmic Phenomena in the Growth and Fermentation 
of Yeast. Erich Kohler {Biochtm. Zeitsck, 1920, 106, 
j94— 206). — The processes of fermentation and of multiplication 
of yeast are found to exhibit a certain periodicity, which is caused 
by alterations in the sugar and alcohol contents of the nutrient 
solution. The velocity with which the yeast grows is conditioned 
by the concentration of the sugar, aud varies irregularly as this 
concentration increases. T. H. P. 

Course oi Alcoholic Fermentation by Yeast. Erich 
Kohi.es (Biochem. Zeitsch., 1920, 108. 233 — 243).— The course of 
alcoholic fermentation by yeast becomes rhythmic with the increase 
in the concentration of the alcohol. S. S. Z. 

Formation of Acid with Moulds and Yeasts. IV. 

Friedrich Boas, Hans Eangicammeeer, and Hans Leberle 
(Ji'ocAem. Zeitsch., 1920, 105, 199 — 219. Compare A., 1919, 
i, 508). — The results of further experiments with yeasts indicate 
that different sugars act to different extents on the pksmic mem- 
brane, so that they may be arranged in order of diminishing 
utilisability by yeasts, as follows: maltose, dextrose, laevulose, 
sucrose. With many yeasts, this action on the membrane is zero 
with maltose and very considerable with sucrose, Such specific 
action of the sugars may be more or less altered, but not obliterated, 
by acclimatisation. Further, from the results obtained by other 
investigators, it appears that alteration in the reaction of the 
liquid and in the concentration of the nitrogenous substances may 
effect slight displacements in the above series of sugars. With a 
maltose solution containing ammonium chloride, the maximal 
acidity reached during fermentation was p„=2'55, and with a 
whortleberry juice containing sucrose and ammonium chloride, 
the value P][ = 1'85 was reached on brisk fermentation (compare 
Euler and Heintze, this vol., i, 513). T. H. P. 

Maltase Solutions from Yeast. R. WillstXtteh, Te. 
Oppknheimeh, and W. Steibelt (Zeitsch. jihi/siol. Clicm., 1920, 
110, 232 — 240). — Maltase can be obtained from fresh beer yeast 
previously killed by an antiseptic, such as chloroform or toluene, 
by extracting it with water in the presence of ammonia. The 
authors suggest that, owing to some enzymic process, acid is formed 
in the yeast cell, which is responsible tor the destruction of the 
maltase when it is extracted from the undried cell, and that the 
neutralising effect of the ammonia makes it therefore possible to 
obtain the enzyme also from the fresh yeast cell. The relation 
between the concentration of the enzyme and the decomposition of 
the maltise, as well as the velocity of the reaction, was studied 
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with maltase preparations from dried and fresh yeasts. 
activity of maltase solutions is impaired by treatment with kaolin 

8. S. Z. ' 

The Influence of Surface-active Nonoic Acid and of 
Some Surface Active Homologues of the Alcohol Series 
(Amyl Alcohol and Octyl Alcohol) on the Yeast Cell and 
on Fermentation. Wilhelm 'Windisch, Wilhelm Heiweberg 
and Waltheh Dietrich (Biochem. Zeitsch., 1920, 107, 172 — 190)’ 
— O'OOS — 0'02% of nonoic acid has an inhibitive action on yeast 
fermentation. 0’017 — 0’04% of octyl alcohol has a similar effect 
Higher concentrations of amyl alcohol arc required to produce 
inhibition in fermentation. Nonoic acid and octyl alcohol alsj 
produce a diseased condition of the yeast cell, altering its appear- 
ance with the production of fat in the cell. The experiments 
point to the fact that the action of these substances is not due to 
their chemical properties, but to their surface action. S. S. Z. 

Physico-chemical Considerations in connexion with 
Neuberg's Theory of Fermentation. Wolfgang Osmtn 
{Biochem. Zeitsch., 1919, 100, 279 — 288); Carl Neueeeg [ilnl. 
289 — 303). — A. suggestion is put forward by Ostwald that physical 
factors, such as adsorption, might exercise some influence in tlis 
fixation of intermediate products of fermentation, such as acet- 
aldehyde. To this Neuherg replies. S. S. Z, 

The Relation of Aldehydes to Alcoholic Fermentation. 

Carl Neueero 4nd JIarta Ehrlich (Biochem,. Zcitsch., 1920, 101, 
239 — 277. Compare A., 1918, i, 469). — The influence of seventy- 
one aldehydes on alcoholic fermentation was tested. It was foiiiil 
that the stimulating effect of the aldehyde group was general and 
independent of the radicle associated with it. This activation 
takes place whether the fermentation is produced by the liviii; 
yeast or by the cell-free juice. S. S. Z. 

The Relation of Phytochemically Reducible Substances 
to the Process of Alcoholic Fermentation and the Nature 
of the Action of Activators. Carl Neubehg and Maeti 
Ehrlich (Biochem. Zeitsch., 1920, 101, 276 — 318. Compare 
preceding abstract). — Numerous experiments are described which 
show that most ketones and their derivatives and phytochemically 
reducible substances are. capable of activating alcoholic ferment- 
ation. This acl.ivai.ng influence is not so marked, in fact, almost 
absent, with the lower ketones. S. S, Z. 

So-called Methyl - alcoholic Fermentation. Edmund 0. 
VON Lippmann (Biochem. Zeitsch., 1920, 106 , 236 — 238).— 
Examination of twenty samples of genuine rums confirms the 
observation that such spirits often contain methyl alcohol in con- 
siderable proportion, as much as 7'5 — 8-.5% of this alcohol being 
found in three of the samples. Much of the extraction of sugar 
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cane in the Lesser Antilles is carried out in presses, and the juice 
is subjected to inad^uate .clarification and mechanical purifica- 
tion, so that it contains considerable proportions of very fine cane 
.fibre, which passes to a large extent into the syrups and molasses 
This fibre is rich in pectinous material, and as the pectins consist 
of the methyl ester of pectinic acid and are readily decomposed in 
various ways, with liberation of methyl alcohol, the origin of the 
latter is evident. T H P 

Production of Gas during the Acetone and Butyl Alcohol 
Fermentation of Starch. Horace B. Sphak.max (J. Biol. Chan. 
1920, 43 , 401— faj.—Prora a study of the production of gas 
dunng this fermentation, a scheme is suggested to account for the 
substances formed which is believed to be in harmony with experi- 
mental observations, the requirements of the organism, and the 
conditions during fermentation. 

It has been previously shown that the first two stages of the 
fermentation may be represented by the equations 

(1) + mH/) = 

Starch. Dextrose. 

(2) Cf,{T,20„ = C,H,-C0jH + CHs-COjH -b fOj] 

Dextrose. Butyric arid. Acetic acid. 

The oxygen produced during l.lie second reaction cannot be 
detected by ordinary chemical methods, and must therefore be 
iised up iu associated reactions, in which oxidation plays a part. 
Xow, production of acetone commences very early in the ferment- 
ation and before the appearance of the butyl alcoliol, whilst the gas 
given off at the comnieiiceraent is pure hydrogen, but later a 
gradual and iiici'easing dilution with carbon dioxide occurs, Prom 
ibis evidence it may be concluded that a later slage of the ferment- 
ation may be represented by the equations ; 

(3) 2C,n--CO,H -I- Oj = 2CH3-CO-CHj-CO,,n -b 2 H 2 

Butyric acid. Acotoacetic acid. 

(4) CH3-CO-CH,j-COjH = CH,-CO-CH,-bCOj 

Acetone. 

The intermediate formation of acetoacetic acid has not been 
proved experimentally, but Saistrick and Clark (this vol,, i, 3,52) 
have already suggested that it occurs. 

The formation of butyl alcohol, and (o a much smaller degree 
of ethyl alcohol, takes place by the reduction of the corresponding 
acid : ® 

(5) CsH/CO^II + 2H2= CHj-CHj-CIL-CH.-OH + H.,0. 

(6) Cns-C 02 H-b 2 H,=CH 3 -CHj- 0 Hibn 26 , 

Other points require further study, as, for example, the dis- 
appearance of a larger amount of acetic acid than can be accounted 
for by the amount of ethyl alcohol produced, the volume of 
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hydrogen and carbon dioxide given off, which cannot be accounted 
•for by the activity of reactions previously mentioned in this 
scheme, and the consumption of oxygen made available by the 
- production of butyric acid, which is not oxidised to acetone, but 
reduced to alcohol. J. C. D. 

The Third Form of Fermentation of Sugar. Carl Neubero 
and Julius IIirsch {Biockfin. Zeitxck., 1919, 100, 304 — 322). 
In the presence of alkaline sails, sugar, when fermented by yeast, 
undergoes a cleavage into acetic acid, ethyl alcohol, carbon dioxide 
and glycerol. This abnormal fermentation the authors call the 

third form of fermentation.” in contradistinction to the normal 
process and the process of fermentation carried out by fixing the 
acetaldehyde produced with an agent, such as sodium sulphite— 
" the second form of fermentation.” Fermentation of sugar by yeast 
in the presence of potassium carbonate, dipotassium phosphate, 
magnesium oxide, Irisodium phosphate, disodium phosphate, and a 
“buffer mixture” of monosocliuni and disodium phosphate, yielded 
products of fermenlalion (diaracteristic of the “third form of 
fermentation.” In the presence of aluminium hydroxide and 
colloidal iron hydroxide, the fermentation was normal, During 
fermentation of sugar in molar dipotassium phosphate, a sixfold 
production of acetaldehvdc is observed in the early stages of the 
fermentation. Tl>is falls to the normal rate as fermentation 
proceeds, S. S. 7j. 

The Gaseods Exchanges of the Root with the Atmos- 
phere. Raoul rKsuiiuLLi {Goynpl. rend.^ 1920, 171, 575 — 578).— 
In a confined atmosphere, plant roots respire in much the same 
way as other organs, the ratio of carbon dioxide expired to oxygen 
inspired varying from 0'7 to 1, according to the species. In a 
very moist atmosphere there is an increase in the rate of respira- 
tion, but the above ratio remains constant. When the roots are 
in contact with a very moist almosphere and still attached to the 
aerial organs, there is furllier increase in the respiration, but the 
carbon dioxide formed is not completely expired, so that the 
respiratory-coefficient is low. W. Gr. 

The Velocity of the Photochemical Degradation of 
Carbon Dioxide in Living Cells. Otto Warrurr {Biochem. 
Zeitsch,. 1919, lO'l, 230 — 270. Compare this vol., i, 583). — The 
velocity of assimilation of carbon dioxide is proportional to the 
concentration of the gas when the concentration is low. With 
higher concentrations, the velocity of assimilation increases pro- 
portionately less as the concentration of the carbon dioxide 
increases until it is no more influenced by the concentration. In 
the case of illuminations of low intensity, the velocity of assimil- 
ation is also proportional to the intensity of the illumination, but 
with higher illuminations the increase in the velocity of assimilation 
becomes lower as the intensity of the illumination increases. 
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rjgujperature influences the assimilation of carbon dioxide in high^ 
concentrations of the gas when intensely illuminated in a pro- 
aounced degree. Between 5® and 32°, the teinperature-coefficient 
sinks from 4-3 to I'B. In the case of illuminations of high 
intensity, more carbon dioxide is decomposed by the same quantity 
of energy when the illumination is inlerinittent than when it is 
continuous. This differentiation does not take place when the 
illumination is low. The influence of phenylurethane and of 
hydrocyanic acid on the carbon dioxide assimilation and on the 
respiration of algas was also studied. S. S. Z. 

Adsorption and Modi&cation of Food Materials by 
Plants. E. ReiifAU (2e>tsch. Eleklrochem., 1920, 26, 329—342). 
Corresponding with the theory of the assimilation of carbon dioxide 
by plants, a similar hypothesis is proposed for the other elementary 
food materials, and conclusions are drawn therefrom for the com- 
plete metabolism of plants; the idea of physiological concentration 
receives an explanation thereby. The different stages passed through 
by the elementary food materials are somewhat as follows ; acceptor 
compound, assimilation substances of varying complexity, acceptor 
substance, acoeptogeu, structure material and reserve matter, 
degradation pre^uota. The natural periodic sequence in the format 
tion of these different substances necessitates a continuously vary- 
ing provision of the corresponding elementary food materials to 
the plant. To secure the highest niltural result, therefore, the 
metabolism for each specific element must be separately considered. 
The various individual metabolisms are, however, inseparably con- 
nected since the elementary food materials, singly or in conjunction, 
may in the form of acceptor substance chemically or physically 
attract another elementary food material. The hydrostatic osmotic 
action of carbon metabolism towards water in plants is considered, 
and from this point of view t.he connexion between the phenomena 
of the nutrient salt eewnomics of plants and the height of their 
growth is explained. In the light of the author’s theory, a simple 
eiplanation of the relationship between the increase of a vegeta- 
tion factor and the mass production of plants is given. Certain 
peculiar phenomena observed in the carbon-dioxide manuring of 
plants are brought into the general scheme of metabolism. 

Certain analogies to the principles of material metabolism in 
plants are shown w'hen changes of energy are considered. 

All the conceptions thus developed depend on the lytic properties 
of water and the associations and dissociations which occur within 
the individual cell surrounded by walls of varying permeability. 

It is further shown that the elementary food materials consist 
of substances of low atomic or molecular weight, that the continu- 
ously increasing condensation and formation of insoluble products 
direct the stream of nutrient material in a definite direction, and 
that this action is supplemented by the behaviour of the condensa- 
tion products at the differently permeable cell walls whereby the 
backward flow of the elementary substances is hindered. H. W. 
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Formaldehyde, as an Intermediate Stage between the 
Real Assimilation and the Formation of Carbohydrates ia 
Plants. Mahtm Jacoby (Biochem. Zeilsch., 1919, 101, 1— 6),~. 
Leaves of Tropaeolum majus were exposed to formaldehyde in the 
dark, and it was found that an increase in the dry matter took 
place in these leaves as compared with control leaves when certain 
conditions were observed. The author considers that the form, 
aldehyde was not fixed, but actually transformed into tissue of 
the plant. S. S. Z. 

Selective Absorption of Ions from Equilibrated Solutions. 

E. Pantanelli {Rend. Accad. Sci. Fis. Mat. Napoli^ 1920, 26, 
136—161). — Experiments have been made on the absorption of the 
different ions in salt solutions by marine algre and by terrestrial 
plants. T. H. P. 

Distribution of Lycorine in the N.O. Amaryllidacece. II, 

K. Gorteb {Bull. Jard. hot. Buitenzorg, 1920, [iii], 2, 331—331, 
Compare this vol., i, 467). — The crystallised alkaloid has been 
isolated from the bulbs and roots of Amaryllis Belladonna, h,, 
CUvia miniata, Benlh., Cooperia Drummondii, Herb,, Cyrtantht 
pallidus, Sims, and Sprekelia formosissima. Herb, (yield, 
OT— 0'01% and less). It is doubtless identical .with “ belamarine" 
from the first-named species and with “amarylline” from the last- 
named, both isolated by Fragner (A., 1891, 1122), and also with 
the veratrine-like alkaloid obtained by Molle from the second 
species (Jahresh. Pharrn., 1903, 27). 6, B. 

Constituents of Digitalis. William J. McGill [J. Amer. CJim, 
Soc., 1920, 42, 1893 — 1900). — By careful manipulation and 
uniform methods of procedure, using various solvents, it is possible 
to obtain crude fractions from digitalis wbiijh will have a reason- 
ably constant chemical composition. The cold water extract ol 
the leaves contains either none or a very minute quantity of 
digitoxin, its activity being entirely due to two fractions, soluble 
and insoluble in chloroform respectively (compare Kraft, A., 1912, 
i, 373). The digitsaponin of digitalis leaves is found to be totally 
inactive and non-haemolytic when purified. The chloroform-soluble 
fraction obtained by Hatcher (compare J. Amtr. Fharra. dseoc., 
1919, 8, 913) from the hot water extract of the leaves is a mixture 
of gitalin and digitoxin. W. G. 

The Appearajce and the Emulsifying Action of Various 
Substances in the Cells of the Leaves of Fontinalis anti- 
pyretica. Karl Bohesch {Biochmi. Zeitsch., 1919, lOl, 
110 — 158).— The fatty nature of the thread-like convolutioos 
present in the cells of the leaves of Fontalis antipyretica has been 
established by means of microchemical methods. Alcohols, pbemk, 
alkaloids and their salts, ammonia and its salts and its derivatives, 
produce the disintegration of these convolutions into small 
(emulsification). The emulsifying action of substances belonging to 
the groups mentioned has been studied iu detail. S. S. Z. 
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"Taiiushi" Oil. S. Keihatsu (J. Pharm.^ Soc. Japan, 1920, 
283—296). — “Taifushi” oil) m. p. 22 — 23°, D“ 0’952, [o],, +51-2°, 
acid number 12-06, saponification number 20 30, iodine number 
gj'Oo, is the oleum gynocardim (oleum chaulmoogrm) of, the’ 
Japanese pharmacopoeia, but, in the author's opinion, is obtained 
from neither Qynocardia edorata, R. Br,, nor Taraktogenos kurzii, 
King) hut from the seeds of Ilydnocarpics anthebnintica, Pierre. 
It contains palmitin, but its chief constituents are glyceryl chaul- 
inoograte and hydnooarpate. A dihydroxyhydnocarpio acid, 
Ci5H27(tl3')2'C®2lti iH. p. 83°, is obtained by oxidising hydnocarpic 
acid at a low temperature. Chemical Abstracts. 

Phytin. XVI. Occurrence of Inositolhexaphosphoric 
Acid in the Seed of the Silver Maple (Acer Saccharinum). 

R, J, Asderson [witli W. L. Kulp] (/. Biol. Chm., 1920, 
43 , 469— 476).— From the freshly powdered maple seed, a crystal- 
line barium salt corresponding with tribarium inositolhexaphos- 
phate was isolated. The freshly powdered seed does not, appar- 
ently, contain any active phytase. The examiii.-ition of a sample 
of seed which had been stored for some time showed that some 
hydrolysis of the organic phosphorus compounds had occurred, for 
the salt isolated was apparently a barium salt of inositolpenta- 
pbosphorio acid. . J. C. D. 

The Biochemical Method of Detection of Glucosides 
Hydrolysable by Eraulsin. Bourquzlot {Compt. rend., 

1920, 171 , 423 — 425. Compare Delauney, succeeding abstract). — 
A brief review of the work accomplished by this method. W. G. 

Extraction of Glucosides from Two Indigenous Orchids ; 
Identification of these Glucosides with Loroglossin. P. 
DEuAL-ney {Compt. rend., 1920, 171 , 433 — 437). — The author has 
isolated from Orchis Simia, Lam., and Ophrys aranifera, Huds., 
a crystalline glucoside identical in each case with the loroglossin 
obtained from loroglossiim hirciimm, Ric., by Bourquelot and 
Bridel (A., 1919, i, 243). W. G. 

The Action of Pectase. Hans ton Kuler and Olop Svanbeeg 
{Biochem. Zeitsch., 1919, 100 , 271—278). — The coagulation of the 
juice of Uihes nigrum is not due to any change in the hydrogen- 
ion concentration, but is brought about by the action of an enzyme. 
When the Juice is heated at 95° or 75° for five minutes, no coagu- 
lation takes place after three days. The optimum H-ion concen- 
tration for the activity of the enzyme is pjj = 4'3. The pectase of 
R. Tubrum. coagulates the pectin of R. nigrum. S. S. Z. 

The Formation of Melanin in Autolysed Potato Juice. 
Hcgo Haehn [Biochem. Zeitsch., 1919, 100 , 114 — 129). — The dark 
coloration of potato juice is due to the formation of melanin by 
tyrosinase from the tyrosine of the juice. The “ melanin value ” 
IS the number of c.c. of 0-002A'-potassium permanganate necessary 
to decolorise 1 o.c. of boiled and filtered juice. During storage of 
potato juice at 37°, the proteins in it are autolysed and more 
tyrosine is set free, which is responsible for a higher “melanin 
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value/' The difference in the “melanin value” before atid after 
autoiysis — “the autolyiic value” — varies with the different varie- 
ties of potatoes. Six months’ storage of the potato tuber produces 
an increase in the amino-acids, but a decrease in the tyrosinase 
The formation of melanin is increased in weakly alkaline solution 
when the juice is stored in a warm place. S. S. 2. 

Investigation of Pi|{Ltago coronopus, L. Em. 
and M. Papavasilion (TrcA. Vharvi., 1920, 258, U2 — 147),^ 
The plant is indigenous to Greece and the surrounding countries' 
preparations of it are used as powerful diuretics. 

The seeds yield 44-2% of mucus and 4'6% of a gum which is 
soluble in water, shows the reactions of the pentoses, and is 
converted by nitric acid into mucic acid. 

The whole plant, excludiug the seeds, was exhaustively extracted 
with alcohol (95%); the concentrated extract deposited small 
quantities of chlorophyll and sodium chloride. The filtrate ^Yas 
diluted with water containing sulphurous acid, and the precipitate 
formed separated by ether into insoluble •plantaytmc Arid, 
P- 210^^ (the silver salt was analysed), aud soluble 
resin, acid number 73 39, saponification number lo8’7, from wliicli 
sodium hydroxide solution extracted coronopk acid, 
amorphous, white mass, ui. p. 281 — 282^, whilst from the portion 
left after this treatment a pale yellow, mobile essential oil, 
T6893, was obtained in very small amount by distillation with 
steam, the remainder cousisliug of a rtsiu, in. p. 128 — 130°, wbicli 
evolved benzoic acid when heated on platinum foil The preseuw 
of bitter principles or glucosides conld not be detected, but emulsiu 
and invertiu were found by Boiirdier's method. 

The plant yields 7% of ash containing aluminium, magnesiuii), 
.sodium, potassium, silica, chlorine, phosphoric and sulphuric acids; 
the presence of lithium could not be detected spectroscopically, 
The diuretic action of the plant, which has frequently been 
attributed to the latter element, is probably due to its high contest 
in mucus. ■ H. W, 

The Ragweed Pollen Proteins. Fbedbrick W. Heyl and 
Harris H. Hopkins (/. Amtr. Che?n. Soc., 1920, 42, 1738—1743. 
Compare Heyl, A., 1919, i, 373). — The proteoses, the albumin, and 
the glutelin from ragweed pollen have been hydrolysed with 20^ 
hydrochloric acid and the various amino-acids, etc., estimated Id 
the product by tho Van Slyke process. Histidine is entirely absent 
from the proteoses and albumin. W. G. 

Some Constituents of Viburnum pruniiolium. Frederick 
W. Heyl and Charles Barkenbus {J. Amer. Ckem. Soc., 1920, 
42 , 1744 — 1755). — The dried root bark of Vihwmim pninifolk^'' 
was examined by the usual methods. Amongst the various pD>- 
ducts were aoetic and valeric acids in the free state, as complex 
eaters soluble in water and as resinous esters insoluble in water. 
The r^in insoluble in water contained a new phytasterd, m- ?• 
186 — 187°, [a]p +116° (in chloroform), giving an acetate, m. ?■ 
223'-’224°. The fat from this resin contained formic, acetic, 
hexoic, octoic, myristic, pahnitio, oledo, and linolio acids, but no 
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valeric add. A trace of an amorphous alkaloid was found in the 
alcoholic extract, W. G. 

Certain Physiological Actions of Osmium Tetroxide. 
Ecu. Seeliger [Her. Deut. hot. Ges., 1920, 38, 176 — 184). — The 
wheat corn withstands for some hours, without being killed, 
relatively high concentrations of osmium tetroxide, although in 
lower concentrations this oxide retards germination, delays growth, 
and results in diminution of the magnitude of the organs of the 
young plant. The parenchymatous cells of the red beet are highly 
sensitive to the action of osmium tetroxide. T, H. P. 

Ripening of Cereals. JIeinhicu LOers (Biochcm. Zeitscli. 
1920 1 04, 30 — 81). — A new method is described of estimating 
acidity in organic extracts, the acid being titrated against both 
Iisutral-red and phenolphthalcin in one and the same test liquid ; 
this method gives reproducible results. An improvement is intro- 
duced into Sorensen's formol-titration method, the cud-point being 
determined, not by means of azolitmin pajjer, but by titration in 
presence of neutral-red. 

These two methods have been applied to follow the alterations 
ill acidity, formol-titratable nitrogen, and enzymio relations of 
barley, wheat, oats, and rye during the last stages of ripening and 
subsequent storage for two months. The first two magnitudes 
diminish during the ripeniug, and, to a less extent, during storage, 
the acid passing into organic combination and the formol-titratable 
substances undergoing condensation to more highly complex com- 
pounds. In most cases the enzymic properties become more marked 
as ripening proceeds, but in some instances a diminution, followed 
by an increase, occurs; the enzymic changes taking place in the' 
ripening and resting corn are considereel from different chemical, 
physical, and colloid-chemical paints of view. T. H. P. 

Effect of various Soluble Salts and Lime on Evapora- 
tion, Capillary Rise, and Distribution of Water in some 
Agricultural Soils. M. I. Wolkoff [SoilSci., 1920, 9, 409 — 436). 
-The salts used were ammonium, potassium, and magnesium sul- 
phates, sodium chloride, calcium nitrate, potassium phosphate, and 
calcium oxide, these being applied at the rate of approximately 2510 
kilos, per hectare to different types of soil. Tho results obtained 
varied considerably with the particular salt used *and the soil to 
which it was applied. In general, soluble salts materially decrease 
the evaporation of soil moisture, there being apparently a direct 
'elationship behreen the efficiency of the salts in this respect and tho 
ismotic concentration of the soil solution in the surface 2'6 cm. of 
-oil. The greater this osmotic concentration, the greater is the de- 
cression of tho evaporation. Of the salts studied, sodium chloride 
md calcium nitrate were most effective and potassium sulphate and 
phosphate least effective in checking the evaporation. In this 
respect calcium oxide was least effective in sea sand and sandy loam 
and most effective in clay loam. 

In two of the soils sodium chloride decreased the capillary rise, 
whilst calcium oxide in drab day and potassium phosphate in a silt 
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loam tended to increase the rise, ammonium sulphate showing no 
pronounced effect. 

In soils treated with sodium chloride, potassium phosphate or 
calcium oxide there was a pronounced tendency for an increase in 
the water content of the top 20 cm., and soil treated with 
potassium phosphate or calcium oxide contained more water even 
in the top inch than the untreated soil, although evaporation wag 
decreased from the treated soil. W. Gf. 

Distribution of Titanium in Soils and Plants. Geilmanx 
(J. landw., 1920, 68, 107—124).— The estimation of titanium 
dioxide in soils may be carried out by a modification of Eille- 
brand's method {“ Analysis of Silicate and Carbonate Rocks/' gee 
this vol, ii, 449). Titanium dioxide is widespread in soils in prtt- 
portions varying from traces to 1%, the content generally lyijjcr 
between 0'3% and 0‘6%. Of a number of plants examined, nearly 
all contain titanium, which occurs in largest proportion in the 
green parts of the plants. Plant ashes contain from traces to 
of TiOj. T. H. p, 

Acid Clay and Acid Soil. Kiuhbi Kobayashi {J, Chem. Zitfj 
Japan, 1920, 23, 549 — 555). — Reviewing theories on the acidity of 
soil, the author attributes the acidity to the adsorptive propertieg 
of Japanese acid clay or like substanoee mixed with it. (Compare 
this vol., i, 704). K. K. 

The Importance of Liming Soils containing Hunuis. 

Sven Oden (Intemat. Mitt. Bodenkunde, 9, 375 — 390; from 
Chem. Ztntr.y 1920, iii, 396). — The favourable influence of limB 
on soils containing humus depends primarily on the formation of 
utilisable calcium humates. In this manner, toxic acids are 
neutralised, and formation of acid is hindered by the calcium 
humate. In addition, the calcium salts displace adsorbed nutrient 
matter, thus rendering it available for the plant. A marked effect 
on irrigation is not observed, but the oxidative capacity of the 
humic salts is a powerful factor. H, "W. 

Acidity of Mineral Acid Soils. S. Osugi and T. Ubtsi:ki 
{Ber, Ohara Inst. landw. Forxch.^ 1916, 1, 27 — 52; from Chm. 
Zentr., 1920, iii, 395 — 396), — When the bases of the soil are raptily 
diminished by marked weathering, colloidal substances are formed 
which adsorb th/ .^bases; free acids are obtained when such soils 
are treated with solutions of salts. Since Ihe soil contains alumtia 
and other compounds, which are readily decomposed by hydro- 
chloric acid, but not by acetic acid, the filtrates from soils which 
have been treated with the former are rich in aluminium, whilst 
those dDtained when potassium acetate is used contain but little 
of this metal. The differing intensities of the acidities of the 
filtrates thus obtained depend, in the first place, on the acid which 
has been liberated by the adsorption process in the soil. An acid 
soil must therefore be regarded as one which is incompletely 
satu'’ated with bases. H- 
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Refractivities of Saturated and Uusaturated Compounds. 

Gervais Le Bas (Trans. Fwadai / Soc., 1920, 15, 231 — 237). Fur- 
ther applications of the author’s calculations to organic compounds 
(see A., 1918, ii, 49, 281). Kegativo anonuilies are found with 
furfuraldehyde. and thiophen. In pyridine there is an anomaly 
equal to that due to two and a-half etheuoid linkings. Other aro- 
matic compounds, and substances containing the carbonyl group, 
are considered. j, R, p. 

Size of the Alkali Cations and Halogen Anions. Auoj.ph 
H itDWEiLi.ER {ZeiUch. Jii^sHc, 1920, 1, 393— 394).— Refraction 
data are used as a check on values obtained by Born and Lande 
from Born’s ciystal-gratiiig theory. For the methods, previous 
papers are referred to. The agreement is considered excellent, and 
favourable to- Born's theory. CirEsiiCAL Abstracts. 

A Simple Spectrometer for Laboratory Use. GCxter 
SniEiBE {Zeifseli. plit/xiol. ('hem.. 1920, 110, 229 -232). — A 
description of a comparatively inexpen.-ive fonii of spectrometer 
which has sufficient accuracy for ortiiiiary purposes in a physiologi- 
cal laboratory. g. g. Z. 

Spark Spectra of 'Various Elements in Helium in the 
Extreme Ultraviolet. J. C. jMcI.enn.ax and A. C. Lewis (Proc. 
/?«-/. Soe., 1920. [.I|, 98, 109 — 114). — The new wave-lengths 1745 
.\.U.i 1742'o A.U., and 16,57 A.U., have, been observed in the spec- 
tmn of silicon. The- spectra of tGlhuium. molybdenum, and 
areoiiium were examined, and the resiills (ahulate'd. These are 
considered to be correct- to O'O A.U. A strong doublet appears 
ccniiiioii to all the spectra in the neighbourhood of 1745 .4.U., 
proiiably due, according to Lvman, to silicon. A strong line at 
ie6'7 A.U. was fo’iiml on all the plates, v.'hich Toyman gives as 
pfeseiit in all n:ctal]ic spark spectra in helinm. It was probably 
aue to carbon from the decemposition of carbo-ii moncxide given 
fro]ii the wa-x joint. In the spectra of molybdeimm and 
’Aiconiuin all the wave-lengths observed were ol weak intensity, 
ibp, radiations from tellnrium were stronger, and their relative 
‘iileiisities are given in the table. A reproduction of the spectrum 
of tbs element is given. J. R. P. 

Arc Spectra in Vacuum and Spark Spectra in Helium 
^ Various Elements. J. C. McLexnax, J. F. T. Young, and 
-I. C. Treton {Prov. Rfij/. iSV., 1920. [-11, 98, 95—108. Compare 
n, 458, 459). — The vacuum arc spectra of antimony, bismuth, 
magnesium, selenium, silver, and copper, and the spark 
'’OL exvm. ii. 24 
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spectra in helium of antimony, bismuth, cadmium, lead, aagueg, 
ium, thallium, and tin, have been investigated in the region below 
1850 A.U. The work with the vacuum grating spectrograph has 
resulted in the extension of the vacuum arc spectrum of copper to 
about 1216 A.U. J. R. P. 

Air Lines in Spark Spectra from X5927 to A 8719, 

Paul W. Meesill (Aslrophi/s. 1920, 51, 236 — 243). — In observ- 
ing the spectrum of any element, if the source is the spark in air, 
there are a large number of lines due to the air itself, which it is 
impossible to eliminate. In order to be able to distinguish the 
lines due to the various components of the atmosphere, the author 
has observed the spark in air and in oxygen, using several different 
elements as electrodes. The wave-lengths of 58 air lines are given 
in a table. Because of the ill-defined nature of these lines, the 
accuracy is not very great. Twenty of the list correspond with 
known lines of hydrogen, nitrogen, <Kygen, or argon, including si.\ 
lines of the red spectrum of argon and four of oxygen lines which 
had not [ireviously been observed in spark spectra. 1'wm otlier.s are 
probably due to n.-rygeii ; the rest have not as yet been identified. 
All the identified lines are found to be shifted toward the red 
with respect to vacuum tube wave-lengths. This increase in wave- 
length amounts to about O'l A. for the oxygen lines, 0'6 A. for 
the argon lines. 0'7 A. for the hydrogen o-Hne, and varies from 
O'l A. to O' 7 A. for the nitrogen lines. On introducing self-iiidnc- 
tipn the only marked change is the weakening of the' nitrogeu lines 
AA 6482 and 6610. Using as source the condensed spark in an atmo- 
sphere of commercial oxygen, several identifications of oxygen and 
nitrogen lines previously observed in the va.cuum tube were 
confimied, and the doubtful identification of A 7157 as due lo 
oxygen is strengthened. Chemical Abstracts. 

Vacuum Grating Spectroscopy, J. C. MoLexvax (Plot, 
Roy. Hoc., 1920, f.-l], 98, 114 — 123). — It would appear that in lit 
spectroscopy of the ultraviolet the procedure to be followed wliiel 
would permit of the most rapid progress being made would be, so 
far as emission spectra are concerned, to work ■with a vacuum 
grating spectrograph and to use an atmosphere of helium. Tim 
is evidence- to show that this gas is transparent to w^ave-lengtlis as 
short as 400 to 500 A.U., or even shorter. As regards absorptioa 
spectra, it is shown that if a vacuum grating spectrograph, pro- 
vided with a lamp of the " Pointolite ” type, is filled with heli™ 
to a suitable pressure, arcs can be stnick in the gas, when tie 
requisite voltages are applied, which will provide a radiation con- 
sisting of wavelengths extending probably near to 400 A.U. By 
interposing vapoui's of elements between the arc and the graling 
of the spectrograph, it should be possible lo obtain the absorption 
spectra of the elements vaporised. An improved apparatus u 
described, and preliminary measurements made down to lO-O v 
A.U., although indications wei'e obtained on all the plates or a 
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faint continuous spectrum extending to well below 500 A.U. The 
potential fall between the electrodes was only 45 volts, J. R. P. 

Existence of a Relation between the Heads of Banded 
Spectra. Tokihaeu Okaya (Froc. Fki/s. Math. Soc. Japan, 1919, 
13], 1, 332— 343. Compare this vol., ii, 140). — The relations 
\.k' = >jmi Aiii piq—uja' between the heads of bauds 
due to different elements of the saiuo group in the periodic system, 
where A and A' are the wave-lengths of the heads of the bauds, 
III and m' the atomic weights, p and q integers smaller than ten, 
and a and a' the radii of the atomic models of Nagaoka, are open 
to the criticisni that there are so many heads in the spectra of the 
gold group and the alkaline earth group examined previously that 
the above relations may have been due to chance. In the present 
paper, by choosing elements the spectra of which have few heads, 
fuch as palladium and nickel, it is shown that the above relations 
hold only for elements in the same group, and do not hold for 
eleraeuta of different groups. Other elements for which the rela- 
tions hold are vanadium, columbium, and tantalum. The oonclu- 
sioii is drawn that the o.xide of vanadium at the moment of emis- 
sion of band spectra assumes the form VO^ and not which is 
the form stable at ordinai'y temperatures. 

Chemical Abstracts. 


Fluorescence of the Uranyl Salts. Edward L. Richols, 
Horace L. Howes, Ek.nest Merritt, D. T. Wilber, and Frances 
G, Wick (Cantegie Inst. ’Wusluiiglnn Puhlkntiun, 1919, 298, 
1—241). — The historical introduction is followed by chapters ■ 
devoted to: striictiu-e of lluorescence spectra; preliminary observa- 
tions on certain uranyl salts; phosphorescence of the uranyl .salts; 
intimate structure on cooling to -185°; polarised spectra of double 
chlorides; the nitrates and phosphates, water of crystallisation, 
crystalline form; the acetate.s; the sulphates; aud frozen solutions. 
Since the fluorescence' of certain uranyl compounds is resolved into 
groups of narrO'W tine-like bands when these compounds are 
excited to luminescence at very low temperatures, a study of the 
fluorescence has been niidertakeii. The spectra of numerous uranyl 
lalts have been mapped. Owing to the extraordinarily complex 
character of the phenomena, no satisfactory theory ha.s as yet been 
evolved, but the mass of facts recorded aud the general ])riiiciples 
established will, it is hoped, afford a basis for the successful theo- 
retical development of this important and little understood branch 
of the science of radiation. Appendices are devoted to the chem- 
istry and crystallography of the uranyl salts, and to the subject, of 
phosphoroscopes. Chemtcai. Abstracts. 


Optical Rotation, Optical Isomerism, and the Ring 
weetron. H. Stanley Allen {Phil. Hag., 1920, Ivii, 40, 
- 0 — -439). — A theoretical paper in which an hypothesis of optical 
rotation is advanced in which the electron, instead of being 

24—2 
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regarded as a jjoint charge, is ^)oked on as an anchor ring of 
negative electricity rotating rapidly about its axis as suggested by 
Parson (Smithsonian Misc. Coll., No. 2371, Nov., 191o). Such a 
ring electron vibrating in a linear path tal^es the place of ati 
orthnai'y electron moving in a spiral path as postulated by Drude, 
It is shown that a rotation of the plane of polarisation of light will 
result, and an expression iA found for the amount of rotation per 
unit length. Employing the theory of atomic structure due to 
Lewis and Langmuir (A., 1916, ii, 310; 1919, ii, 328), a graphical 
representation may be obtained for the dextro- and la;vo-rotatory 
forms of a compound. The experimental facts with regard to opti- 
cal activity are in good agreement with the hypothesis put forward, 
which may be applied not merely to carbon compounds, but to any 
compound containing an asymmetric atom. On the assumpi ions 
made, it is poKsible to deduce that eight isoraerides of cinnamic acid 
may exist. 


Influence of Constitution on the Rotation of Optically- 
active Substances. XI. Normal and Abnormal Rotation 
Dispersion and its Calculation. H. Rtjpr and Arthur 
Akeemann (Ammlf.n, 1920, 420, 1—32. Compare A., 1917, i, 539, 
and previous abstracts).- Au examination of more than fifty 
dispersion curves leads the authors to the conclusion that tlie 
normal rotatorv dispersion of organic substances can be expressed 
by the simple formula a„ ^ K„;X^ - A,y, in which K is the rotation 
constant” and Ao- is the dispersion constant; the expression has 
been used previously by Lowry Hnd Dickson (T., 1915, 107, lli3h 
The formula is shown to be api'lnrable to- liquids in substance and 
ill solution; it tuves results which are in good harmony wii;i the 
observed data over the visible spectnnn, and can probably be also 
employed outsido these limits. ^ , 

In previous cominunical.ions, Rupe has endeavoured to mi-diii- 
guish between normal and alniormal rotatory dispersion on the 
basis of the displacement of the “ characteristic wave-length ; it 
now appears that when a substance exhibits abnormal disper'ioii 
within the region of measiu*enie!ir , the charaoterisLic 
differs from the mean of the respective class of compounds, but. 
although strong displacement is necessary for abnormal dispersion, 
it is not bv itself sufficient. 

The methods of calculating the values of /f,, and An^ are tul-''' 
discussed, and R is shown that, provided the dispersion is noTraal, 
the cahudated vri les for the specific rotations of a large mmitjer 
of compounds for a given wave-length agree> with the 
observed within the limits of experimental error. The fohwvin? 
criteria of abnormal dispersion are then deduced, in wh'c.i t. re? 
types are distinguished: (il Apparently normal rotatory dispcr 
willi greatly dis))lac-e(l dispersion curve; the divergence between tne 
calculated and observed values does not amount to more 
times the mean experimenlal error, but A,," and A„ differ 
from the mean value for the appropriate class of compo 
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Kelative abnonnal rotatoiy dispersion, in whicli the differences 
arc three to five times as*great as the mean experimental 
error; and (hi) Total abnormal rotatory dispersion, in which the 
•Uilerciices exc'eed fifteen times the mean experimental error. 

The eonnexion between optical activity and constitution is dis- 
cussed at length, and it is pointed out that comparisons between 
iiiole<;^har rotations observed with a single wave-length are iuade^ 
qnate for the elucidation of the problem, and that the rotatory 
dispersion must also be ascertained. The latter is greatly influ- 
e.iced by the solvent used, and, at present, this action does not 
appear to be exerted in any reg liar iiiauner even towards sub- 
stances of the same type. The influence of constitution on is 
described, and it is found that if the added radicle is an aliphatic 
saturated hydrocarbon group and if the chemical change does not 
involve any considerable change in the optical properties of the 
asymmetric complex, remains approximately constant in homo- 
leprous series. The rule also applies when aromatic groups are 
introduced, provided that at least one methylene group lies between 
the aromatic radicle and the asymmetric complex. is increase<l 
hv the introduction of one or more ethylenic liiiking.s, by a. triple 
hc'iul (tho e.ffect of this is noticeably lees (liau that of two double 
IkukIs), and by the direct attachment of an aromatic nucleus tO' the 
aipininetric complex. Changes in arc also induced by one or 
more groups Containing oxygen. It thus appears that A’„j is not 
iill’ccted by the number of groups required to form the molecule, 
Iwt is mainly dependent on the- s]>atial distribution of the atoms 
v?A the relative distances from one another. H. W. 

Activation of Photochemical Elements with Silver 
Haloid Electrodes and their Application. Satoyasu Iimoei 

Hiid Toshimasa T.'VKEim (./. Tol i/o Ohem. Soc., 19tl0. 41, 77 — 185). 
—The mechanism and sensitisation of the Becquerel effect and tho 
application of the photochemical cell for nioasuriiig candle-power 
are extensively considered. Tn order to obtain the most stable 
maximal photovoltaic effect the silver haloid electrodes are prepared 
as follows: A .small silver plate is soaked in haloids of iron, copper, 
mercury, or thallium; later its surface is freed from the solutions 
by use of suitable solvents, and it is placed in a solution of iodine 
iu alcohol, benzene, chloroform, or ether. The final coating of the 
electrodes with iodide i.s perfecteil by placing them in 0'3 — 5 
V-potassium iodide saturated with silver iodide. an electrode, 

aiter several days, becomes exceedingly seusUive, and contains a 
ueniiane.nt film. Proper concentration cf potassium iodide is verv 
important. The cells of 20 c.c. and 90 c.c. capacity are made of 
glas.«, with ebonite covers. The cuter surface is covered with tin 
foil except the window, which admits the light and behind which 
one of the electrodes is placed. A solution of potassium iodide is 
?-lso used for the cell. The E.M .F. is measured by Peggendorff’s 
method, the Weston cell being used as standard. Several factors 
for obtaining maximal photovoltaic effect are studied. The effect of 



n. 654 


ABSTRACTS OP OHBMICAL PAPERS. 


concentration of the cell liquid is expressed by Tr^ = A +B\ogli(> 
in which tt^ is in millivolts, (7= concent ration of potassium iodide 
A and B are constants due to temperature, decrees of illumination 
electrodes, etc. Rise of temperature lowers the effect, its extent 
depending on the illumination and characters of the cell. The effect 
of intensity of illumination is expressed by Tr„ = (r(l wliCTe 

E is the intensity ; <t, K, and a are constants for cells, temperature 
and wave-length. For a limited condition, a much simpler formula 
7 r„i*-rtlog E — h, can be used. The effect of the size of windo-ws n 
given by ?r„ =:/)(! — where i4=area of window, which jj 

always smaller than that of the electrode, and i>. h, and j 8 are con- 
stants. The time required to attain the maximal effect is greatpr 
with rise of temperature and concentration of potassium iodide, ani 
smaller with increase of illumination and size of the window. Ttp 
time required to decrease to the half of the maximal value after 
the lit'ht i'! removed is greater with the larger concentration of tte 
liquid, but is independent of the intensity of illnmination and tli? 
sizf^ of the window. Theoretical explanations for all factors iJ.ra 
given, ronsideriny the effect of temperature and nature and cor- 
centrations of the liquid used for the hatterv. it is concluded tha! 
the photovoltaic effect produced with haloid electrodes must tp 
caused bv reversible chemical reaction of the silver iodide, whicli 
takesi place in Ihe following order: at the exposed electrodp 
w?? AgT — > 7 n»n Ag - wuT. wuT — + becoming fli; 
at the unexpo'sed electrode. 7 ?»n Agl — mu Ag-i- w IS ? +70 ^, 
w ?? A gT TO T' 71 — m /? A gT -t w n A gT — v to ?? A gT 4 - to/+) 0, 
0A.-T9(i5tO coulombs. Chemical Abstracts, 

The Mechanism of Chemical Actions Provoked by 

X-rays. A. Dattviluep. (Commit. renA., 1920. 171, 627 — 629].- 
The mechanism sugye'^ted is that the cause of the chemical actioi 
is the Hesfruclioii of the negafive ions, which alone can lose tbeir 
electrons by the impact of the rapid electrons constituting h 
corpuscular radmticn. The ccrpiiscles, slowly expelled, neutralise 
the adjacent positive ions, the electronegative and electropoRitive 
elements thus being liberated in the atomic state. These prodii?? 
colorations in solid or Ausenns substances and chemical change^; ir. 
media where thev are mobile. Several reactions are examined in 
the light of this hypothesis. W. G, 

Explanation of Ronteren Spectra and the Constitution 
of Atoms. Apple Smekal ZeiUcJi., 1920, 21, 

505 — 5n6V — Th s theories of Ve^ard f A., 1919. ii. 1291 and of Kroo 
(A., 1918, ii. 308) are discussed. The calculations of Veeard do 
not do justice to the most exact measurements of Siegbahn (A 
1919, ii, 261), whereas the formula of Kroo appears to applv 
great accuracy. The conclusions of Vegard as to the structure d 
atoms are thereby vitiated. J. R. P 

The X-ray Absorption Spectra of Phosphorus. 

J, Bebpengbes {Co7n])t. rend., 1920, 171, 624 — 626).— In th 
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|'_ray absorption spectra of the different varieties of phosphorus, 
the author finds tl^t the wave-lengths of the limits of absorption 
are different for black phosphorus and for phosphorus in the form 
of phosphoric acid. That of red phosphorus .shows a double limit, 
one component of which is identical with that of black phosphorus, 
and the other, attributed to yellow' phosphorus, coincides, at least 
approximately, with that of phosphoric acid. W. G. 

The Fine Structure of the Discontinuities of Absorption 
in X-ray Spectra. M. de Broglie and A. Dauvillier 

(i'ampi. rend.y 1920, 17,1, 626 -G27). — A discussion of Kossel's 
work (compare ZtHsek. Phy$ik, 1920, 1, 119) in the light of 
Bergengren's work on phosphorus (compare preceding abstract). 

W. G. 

Precision Measurements in the X-series of X-rays. 
Elements from Copper to Sodium. Elis Hjalmar {Zeitsch, 
I'hf/.'iil', 1920, 1, 439 — 458). — Siegbahn’s vacuum spectrogra})h has 
been used in making wave-length measurements. Several new- 
weak lines are found, besides the component of jS predicted by 
.Sommerfeld. These are; one in the neighbourhood of (S, a close 
doublet of shorter wave-length than a-^o^, and a line l)e(w’een 
and cg. Not all these occur in any one element. The relation 
is tested by comparing Ihe angle of rellection of the 
same line in different orders. The lad Ice ronslant for gypsum is 
measure<l as log2// = l-1805620-8( + 0'000rH49). 

Chemical Abstracts. 

Origin of the Iodine Band Spectrum and its Place in 
the Quantum Theory. W. Steubisg (Zeitsch. Physih, 
1920, 1, 426 — 430). The iodine band spectrum results from 
neutralisation of the ionised atoms and (heir combination (o form 
ihe molecule. The high frequency limit, of (he spectrum gives, on 
the quantum theory, the w’ork necessary for (he deconi))osition from 
molecules to ions. This has l^eeii calculated by Born (A., 1919, 
ii, 214) on the space-lattice theory, and the agreement is 
quantitative. Chemical Abstracts. 

Fine Structure of the Near Infra-red Absorption Bands 
of the Halogen Acids. Walter F, Colby (Astrophis. J., 
1920 , 51. 230 — 235). — A quantum theory of the fine structure in 
the infra-red absorption spectra of the diatomic gases is put for- 
ward. The postulate of Bjemun (.Vrrus/ 1912, 90), 

that the fine structure of these bands is due to the rotation of the 
molecules in stationary states corresponding with Ihe quantum 
relation, has proved very fruitful. The [iresent jiaper proposes to 
test the hypothesis by compariiig the theoretical results for the 
simplest molecule model of the Bohr type with the experimental 
results recently obtained by lines ./., 1919, 50, 351) 

for the halogen acids. For hydrogen fluoride, chloride, and 
bromide, the observed interatomic vibration frequencies are 
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respectively 38, 40, and 47% less than the theoretical, whilst the 
computed separations of the pairs of nuclei are, respectively, 3g^ 
54, and 59% loss than the values given by iBies. The variation 
with mass is explained as a screening effect which has been 
neglected in the elementary theory. The agreement between 
theory and experiment is sufficient to lend support to the Bjerrum 
hypothesis, and suggests the importance of developing a •more 
adequate theory involving fewer simplifying assumptions. 

Chemical Abste.\cts, 


Structure of the Helium Atom. Ikving Lanomuie (Science, 
1920, 51, 605 607). — The ionisation potential as calculated from 

Bohr's theory. 2S'8 volts, does not agree with the experimental 
value, 25'4 volts. By means of I.ande's theory of the transference 
of momentiiiii from one electron to another around the nucleus 
rather than a rotation of the electrons themselves, the author has 
calculated the numerical dimensions of the path of the electrons 
in the helium atom after four approximations to within O'l'', 
Each electron travels tlivougli less than half an orbit svhen ii is 
reflected back on approaching the other electron. 

Chemical Abstracts, 


Helium and Parhelium. J. Fr.anck and F. Reiche (^eitscli. 
Phijsik, 1920, 1. 154 — ICO).— There are two separate systems of 
spectral series for helium which belong to lielium and to parhelium. 
In helium the eleciroii orbits are cophanar, whilst in parhelium 
they are at an angle to each other, as described by Landc. Par- 
helium is the loss stable, and its ionisation potential is the one 
determined experimentally. The base line for the principal series 
for helium is 10,830 A. and for parhelium is 20,582 A., and is 
caused by the return, in each case, to a diquantal orbit, Tor 
normal helium, that is, uniqiiaiital, the resonance potential, 
in agreement with the calculations of Landc, would lead to a 
ground line of about 600 A. A change from a higher quaiitmii 
orbit of one system lo a lower of the other never ooours. Par- 
helium is the normal condition of the element (nniquantal). 

Chemical Abstracts, 


Aggregate Recoil during the Decomposition of a-Radiating 
Substances. Kobert W. Lawson (Wien Am., 1919, 86— S8; 
from (Jheiii. Zi-nir., 1920, iii, 431). — It has been observed repeatedly 
that polonium which has been deposited elcctrolytically on metallic 
foil activates objects in its immediate vicinity. The following 
explanation of the phenomenon is advanced. The polonium lies 
on the metallic ’support in aggregates of atoms. When an 
a-particle is dischai-ged from such an aggregate, the latter receives 
the recoil in the oppcsiie direction and leaves the support. The 
author designates the phenomenon "aggregate recoil,” ai>“ 
examines its dependence on the nature of the supporting niefa 
and on the prevalent gas pressure. The importance of the recoil 
on the estimation of the life period of polonium is discussed. 

H. W. 
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Bapid Graphic Method of Estimating Radium. 

E. Dorsey {Phtjsical Her., 1919,. 14, 173; from Cliem. 
f.fHtr., 1920, iii, 399^ — The increase in the 7 -radiatioii of a radium 
preparation from the time to t, is denoted by the expression 
J _ J'j = l'0089.e“*h(l , where A is the rate of decay 

of the emanation and the equilibrium value. If the observed 
values of J are plotted against (1 - c"), in which t is calculated 
from any desired instant, a straight line is obiained, the inter- 
section of which with the ordinate tor t=--oo gives the equilibrium 
value 7oo' 'winch can thus be graphically determined. H. W. 

Radium Content of the Rocks of the Loetschberg 
Tunnel. J. H. J. Poole (Phil. Mag., 1920, [vi], 40, 466—471). — 
The radium constant of 82 specimens of rocks collected at 
diSerent points in the Loetschberg Tunnel has been estimated by 
the fusion method. The content is found to be fairly constant 
throughout the whole length, a mean value 2'2 x 10 -'- grams per 
gram of rock being obtained. This value is cbtaine<i from values 
lying between 0'8x 10-*^ from a talc schist obtained 480 m. from 
the south end of the tunnel, and 6 5x10-''' from a felspar talc 
schist obtained 395 m. from the south end. For individual rocks, 
the following mean values were obtained : granite (7 specimens), 
:l'3xl0-'''; limestone (16 specimens), l oxlO-"; tale schist 
(16 specimens), 2'0 x 10 -"; quartz schist (12 specimens), 
24x10-"; mica schist (2 specimens), 21 x 10 -"; hornblende 
schist (2 specimens), 3'lxlO-"; schist lustre (2 specimens), 
d'4 X 10-"; felspathic schist (3 specimens), 2'7 x 10""; unclassified 
schists (16 specimens), 2'5 x It)-"; aplite (2 specimens), 2’, 5 x lO""; 
quartz porphyry (1 specimen), ‘2'5 x lt)-"; anhydrite (2 specimens), 
MxlO-"; and quartz sandstone (1 specimen), 4'3xl0-". The 
mean radium constant of 53 schists is 2’4 x 10"" grams per gram 
of rock. J. F. S. 

Atmospheric Electricity. LXI. Measurement of the 
Radium Emanation Content of the Air at Innsbruck. Rely 
Zlatahovic (Wien Am., 1920, 75; from Chem. Zeiilr., 1920, iii, 
S34).--By the use of charcoal and petroleum as absorbents, an 
ionisation vessel which previously showed a saturation current, ij, 
was completely freed from emanation; the saturation current, L, 
which was now measured, was found to be constant. The diller- 
eiice, ii-i.,, is applied to the calculation of the emanation content, 
and, as a mean of forty-nine observations, ^ives the value 
433 x 10-'* Curie/c.c., the extreme values being 1110 and 40. 
Dependence on meteorological factors could only be so far recog- 
nised in that rainy periods correspond with lower emanation 
values. H. W. 

Efiects of Electron Collisions with Atmospheric Neon. 

Fbank Hohtok and Ann Catherine Davies (Pnic. Rng. Soc., 1920, 
[•!j. 98. 124 — 146). — ^The minimum radiation velocity was found 
to be 11 8 volts with neon at an average pressure of 0133 mm. 

24' 
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The minimum iouisation velocity was found to be 16'7 volts. The 
second radiation velocity was found to be 17'8 volts. The second 
and third ionisation velocities were found to be 20'0 and 22'8 voUj 
respectively. The existence of three critical ionisation velocities 
and two critical radiation velocities indicates that neon differs more 
in constitution from helium and argon than would be expected 
from its position in the table of the elemeiila. The accepted view 
of the connexion between the quantities of energy required for 
the production of radiation and of ionisation is that they corse, 
spoud with the first and with the limiting frequency, respectively, 
of some particular spectral series of the element concerned. On tl® 
view, it would be expected that with every ionisation velocity there 
would be associated a definite radiation velocity. In the experi- 
ments, evidence of three louisaiiou velocities, but of only tvo 
radiation velocities, was obtained. The two radiation velocities 
may occur so close together that they do not give separate indira- 
tions on the curves, in which case one might escape detectioji. 
Another possibility is that the ionisation observed at one of tin 
three critical velocities is a spurious effect. The minimum radia- 
tion velocity of helium is 20-4 volts, close to the value 20-0 volts 
found above. The radiation velocity of 11 '8 volts appears to be 
associated with the ionisation velocity of 16’7 volts, and the radia- 
tion velocity of 17-8 volts with the ionisation velocity of 22'8 volts. 
If neon consists of two or more constituents haying different 
radiation and ionisation velocities, the critical velocities 1T8 and 
16-7 are to be attributed to one, and the values 17-8 and 22'8 to 
the other. 

Constancy of the Ratio of Actinium to Uranium in 
Natural Minerals. Stef.vu MEVKRatid Viktor T. He-ss (Sitzutiji- 
her. K. Akml. ll’tss. Wim, 1919, 128 , [2rt], 909—924; from Chm. 
Zeiitr., 1920, iii, 435—436). - It has been assumed for a long lime 
that the actinium series is derived by indirect degradation of tit 
uranium-radium series- If this is the case, the ratio of actinium to 
uranium or radium must be constant in all uranium luiiierals. few, 
and not very concordant, observations have been recorded, chiefly by 
Boltwood, ill Ibis connexion. The authors have therefore examined 
exhaustively the reputed constancy of the ratio Ac:U, and have 
used uranium minerals which differ as widely as possible from one 
another, both in origin and composition, and include the following: 
amorphous Joachimsthal pitchblende, crystalline pitchblende from 
Morogoro, brSggerite, and two different specimens of thoriaiiite 
Quantities of the " inerals corresponding with 30 grams of iiranraiii 
were dissolveil in concentrated nitric acid, and the solutions were 
diluted with water to 1 litre and brought into rotating flasks; lie 
radium emanation was first removed in a constant current of sir, 
and, immediately afterwards, the active precipitate of actnumn 
(with a portion of thorium precipitate if present) was collected on 
a negatively charged plate. The value of A<s-B + C could be readilv 
derived from the known half life-periods for AcB + <' 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 659 


Th-5 + C^* The observed activities are not great, but the results 
of repeated measurements are quite concordant. The ratio Ac:U 
is found to be constant in all minerals, thus giving a sure support 
for the hypothesis that the actinium series is genetically related to 
uranium. H. W. 


Ionisation in the Solar Chromosphere. Megh Nad Saha 
{PUI. Uag.j 1920, [vi], 40, 472 — 488). — From a discussion of the 
high-level chromospheric spectrum, it is shown that this region is 
mainly composed of ions of calcium, barium, stroiitiiiin, scandium, 
titanium, and iron, whilst in the lower layers both ions and atoms 
occur. An attempt is made to account for these facts from the 
point of view of Nernsts Iheoreni of the reaction i.sobar, by assum- 
ing that the ionisation is a type of reversible chemical process 
taking place according to the equation Ca ^ Ca+ + c-6'. The 
energy of ionisation, i , can be calculated from the ionisation 
potential of the elements. For the determination of the chemical 
constant and the specific heat, the electron is assumed to be a 
monatomic gas with an atomic weight 1/183G. The equation shows 
(ho great influence of pressure on the relative degree of ionisation. 
The almost complete ionisation of calcium, barium, and strontium 
in the high-level chromosphere is due to the low pressure in these 
regions, The calculated values are in good agreement with the 
experimental values of King {Af^trophy^. .7., 43, 13). Hydrogen 
is completely dissociated into atoms at all points in the 
solar atmosphere. It is also shown that the greater the ionisation 
potential of an element, the less readily does ionisation occur \mder 
a thermal stimulus. Calcnlation.s have been made in the case of 
hydrogen (r' = 13'6 volts) and helium (20*5 volts) which show that 
these elements are not ioiiised to an appreciable extent anywhere 
in the sun. Helium is ionised only in stars of the highest tempera- 
ture (>16000*^ A'), which therefore alone can show the Rydberg 
line 4686 and the Pickering lines v=.V[l,q>- -- 1/(1 -f- 1 

' J. F. S. 


Relative Ionisation Potentials of Gases as Observed in 
Thermionic Valves. G. Stead and B, S. Gossling [Vkil. Mag., 
1920, [vi], 40, 413 — 425). — A method is described whereby the 
iouisatiou potential of gases may be determined. This method 
consists in determining the differences of potential which are 
necessary for the production of positive ions in soft thermionic 
valves. The tube used was a three-electrode valve nf the usual 
form, the cold electrodes being connected together. Next to the 
tungsten filament there was a molybdenum spiral, 0-4 mni. diam., 
coiled into a helix of 4’5 mm. diam., and having four to five turns 
per cm. Outside this wa.s a nickel cylinder 10 mm. diam. When 
an appreciable quantity of a gas is present in such a tube, the 
voltage-current curve changes, at a definite potential, from the 
kigh vacuum characteristic. This point represents the beginning 
of the emission of positive ions and gives the ionisation potential 
of the gas. Experiments have been carried out with mercury 

24*— 2 
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vapour, argon, hydrogen, carbon monoxide, nitrogen, and helium 
at several pressures, and the following values found for the ionisa- 
tion potential: mercury, 10*8 volts; argon, 12'5 volts; hydrogen 
15 0 volts; carbon monoxide, 15’0 volts; nitrogen, 17’2 volts; and 
helium, 20‘8 volts. The value obtained for carbon monoxide diiters 
froiji that obtained by other observers, and it is suggested that this 
does not represent a true ionisation potential, but rather a photo 
electric effect. The present method of work is not open to the 
criticism offered to most methods of determining ionisation 
potentials. J. F. S 

Efiect of a Trace oi Impurity on the Measurement of 
the Ionisation Velocity for Electrons in Helium. Fraks 
Hohton and Dorns Bailey (Phil. Mag., 1920, [vi], 40, 440—450), 
— The ionisation potential of helium lias been redetermined with 
perfectly pure gas and the effect of impurities on this value invest), 
gated. The results emphasise the importance of maintainiug the 
helium perfectly pure when investigating the ionisation of gas by 
electron collisions. The only satisfactory method when a glass 
apparatus is used is to have a slow circulation of freshly purihed 
helium through the ionisation chamber during the expeiiments, 
It is possible that if fused silica were substituted for glass, con- 
tamination of the gas would be less likely to occur. Tlie ionisation 
curves indicate that the minimum ionisation velocity for electrons 
in helium is 25'0 volts, a value rather lower than that obtained by 
Horton and Davis (A., 1919, ii, 210). The present results also 
indicate that the minimum radiation velocity for electrons in 
helium is 21 volts; but this value is no doubt too high, for the 
point at which ionisation of the impurities by the helium radiation 
was detected depended on the amount of impurity present, and was 
probably alw'ays higher than the point at which radiation was first 
produced from the helium atoms. J. F. S. 

Ionisation Potential of Hydrochloric Acid and the 
Electron Affinity of Chlorine. Paul D. Foote and F. L, 

Mohler (/. Anifr. Chem. Soc., 1920, 42, 1832— 1839).-Tlie 
experiments indicate that the collision of an electron of sufficieni 
velocity wdth a molecule of hydrogen chloride results in tli5 
immediate production of a positively charged atom of hydrogen 
and a negatively charged atom of chlorine. The ionisation causef^ 
disruption of the bond between the two ions in the molecule. The 
work necessary T'> ionise a gram-molecule of hydrogen chloride is 
accordingly the work of ionising a gram-atom of hydrogen plus 
the heat of formation of hydrogen chloride plus the heat of dis- 
sociation of 0*5 gram-molecule of chlorine minus the electron 
affinity of a gram-atom of chlorine. This, expressed in volts and 
referred to a single molecule, is 13'7 volts, iu excellent agreement 
with the experimentally determined value, Id'O volts. The electron 
affinity of chlorine is calculated as 4'8 volts. Hydrogen chloride 
is not known to possess any characteristic visible or ultraviolet 
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gpectrum, in agreement with the observed pefeuliar type of ionisa- 
tion and the absence of a resonance potential. Any radiation 
emitted which is characteristic of hydrogen chloride would be pro- 
duced by the union of the hydrogen ion and the chlorine ion, giving 
rise to a quantum of /iv=«F, where F — 14-0 volts. The corre- 
sponding wave-length in the extreme ultraviolet is \ = 880 A.U., 
which could be observed, though wdth difficulty. A high voltage 
discharge through hydrogen chloride shows the ordinary spectrum 
of hydrogen. The attraction between a hydrogen nucleus and a 
lialo<yen atom is about the same as the interaction between a 
hydrogen nucleus and the electron in the neutral hydrogen atom, 
as pr^icted by Haber. J. R. P. 

Ionisation Potentials of Argon, Nitrogen, Carbon 
Monoxide, Helium, Hydrogen, and Mercury and Iodine 
Vapours. Clifton (I. {Physical Eev.^ 1920, 15, 132—133). 
—The object was to determine the effect of gas on the volt-ampere 
characteristics of a two-electrode electron discharge tube, and to 
determine the voltage at ivhich the gas affected the space charge 
of the tube or ionisation potential. By the use of a commutator, 
Ihe heating circuit along the filament was broken while the space 
current was measured, so that the current, f=.'l(F- where 
is the voltage equivalent to the initial velocity of the ions. 
The ionisation potential for argon was lo- IG volts at 1- -200 bars 
pressure. With increase in filament temperature, due to the 
iiu’-reased Ff,, the puleiilial was lowered. Nitrogen gave about 
16 volts, carbon monoxide 13 5 — 14, mercury vapour 10 — 11, iodine 
\apoiir 8'5, whilst the values 20’5 for helium and 15 for hydrogen 
were uncertain, Chemic.\l Abstracts. 

Ionisation Potential of Mercury Vapour as a Function 
of the Temperature of the Cathode. T. C. Hebb [Physical 
Ihi\, 1920, 15, 130). — Values as low as 3'2 volts were obtained 
for the ionisation potential of mercury vapour at very high 
temperatures. The striking voltage, F = lO'o -0'0()2f , where T 
is the absolute temperature. Chemical Abstracts. 

Ignition of Gases at Reduced Pressures by Transient 
Arcs. W. M. Thornton (Phil. Mag., 1920, [vi], 40, 450— 4G0). — 
The ignition of hydrogen, methane, ethane, pentane, propane, 
carbon monoxide, and coal gas by both direct- and alternating- 
current arcs has been investigated at a number of reduced 
pressures. The ignition current is plotted against the pressure, 
and curves produced in all cases. With direct-current arcs, the 
ignition current falls rapidly to a minimum with increase in 
pressure, and then rises equally rapidly to a maximum, after which 
it falls slowly to a constant value. The lower limit is found in all 
cases at about 0*2 atm., whilst the rapid rise lie.s between 0’4 and 
0'5 atm. A mean ordinate (current in amperes) lies at the points: 
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hydrogen 0‘30 anipeA, methane 1'20 amperes, ethane 1’12 amperes 
propane 0'87 ampere, and pentane 0-66 ampere, and these mean 
values may be expressed by the equation i—0’334 + 23'5/mol. wl. 
The relative influence of hydrogen and carbon on the inflamma- 
bility of the hydrocarbons is given by the equation 

where i is the ignition current of the hydrocarbon, that of 
hydrogen, a a constant, «(. and respectively, the number of 
carbon and hydrogen atoms. Two causes eSect ignition, a thermal 
cause and an ionisation cause ; either of these causes may be pre- 
dominant, depending on conditions, and the form of the ignitioo 
curve depends on which of these causes is operative. With altern- 
ating current, the form of the curves is very much changed; ij 
the case of hydrogen, the curve falls rapidly to 0'23 ampere, and 
then rises to 0'26 ampere, after which it falls to a steady value of 
about Q'l ampere. With methane, there is only the slightest 
tendency for the curve to rise after the preliminary fall, but there 
is a halt, and then a slower fall to a stationary value. In Die 
case of ethane and propane, the curve is of the same shape as that 
of methane, but the flat halt is very much longer. Coal gas is 
about ten limes as inflammalrle as carbon monoxide. The whole 
of the curves given are reminiscent of the critical gas isothermal. 

J. F. S, 

Electrolysis of Solutions of Sodium Nitrite ■using a Silver 
Anode. F. H. Jkffebt {Trans. Faraday Soc., 1920, 16, 16 — 20).— 
The reactions at the anode during the electrolysis of solutions of 
sodium nitrite of different concentrations in a divided cell, with a 
silver anode and ])latinum cathode were investigated. In no case 
was silver rleposited on the cathode. Silver dissolved from the 
anode, no gas being evolved. A deposit formed on the anodf. 
which was found to he silver nitrite, together with a small per- 
centage of finely divided silver from the di-sintegration of the 
anode. Measurements of the anode potential were made, and the 
results showed that in the immediale neighbourhood of the anoda 
the concentration of silver ions was not increased by the nitrate 
ions. A complex salt, NaAg(NO,):,. -was isolated at the anode in 
small, well-shaiied, bright yellow crystals by electrolysing an anolyte 
of 50 grams of sodium nitrite in 100 grams of water for fifty-five, 
hours with a current of 0'072 ampere. The solution was allowed 
to evaporate isothcrmallv over concentrated sulphuric acid in an 
exhausted desiccator. Further evaporation led to the separation 
of a mixture of 'u is salt and sodium nitrite. J. B. P. 

Transference Numbers of Sodium and Potassium in 
Mixed Chloride Solutions. S. A. Bbalkv and J. Lowe Haii 
(,7. .Amer. Chem. Sne.. 1920. 42. 1770— 1776). -Over a range o 
total concentraiion from 0'2.T to 1'6.V with equivalent amounts of 
sodium and potassium chlorieles, a relatively greater amount of 
sodium is transferred than is indicated by calculation from the 
conductance of the simple salt solutions, on the basis of the ise- 
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hydric principle. The increa^ of sodium t^nsferred over this 
range of concentration is, roughly, a linear function of the total 
gait concentration. The results are in harmony with those of 
Smith and Ball {A., 1917, ii, 247), and may be explained on the 
basis of complex formation, the simplest form of which may be 
expressed in the form NaCl + KCl ^ Na(KCl.,) Na’ n KCb.,. 

J. R. P. 

Dependence of Electro-osmosis on the Chemical 
Properties of the Diaphragm. Stanislaw Glixelli (Anzeiger 
Alidif. Rh'ss. Krakau-, 1917, [A], 102 — 128; from Che?n. Zenfr., 
1920 iii, 431). — The fundamental as.sumption in the theory of 
electro-osmosis is that the potential of the mobile layer of liquid, 

dilfers from the potential, of the layer attached to the wall 
of the diaphragm. A proportionality exists between the difference 
of potential (^i-<3^o) electrical double layer and the rate 

of electro-osmosis or cataphoresis. The causes of the difference of 
potential and the mechanism of the i)henomenon of the charge 
in the electrical double layer are discussed. All that is known is 
that the electrical double layer is considerably influenced by fhe 
addition of electrolytes, more particularly by hydrogen and multi- 
valent ions and by the cations of the heavy metals and complex 
organic bases, and that the positively charged diaphragms are 
discharged by anions and the negatively charged ones by cations. 
The methods previously adopted have not permitted the use of 
moderately concentrated electrolytes. The author has elaborated 
a method of observing and approximately measuring the velocity 
of electro-osmosis which is particularly adapted to the estimation 
of the isoelectric point; it can he used with gels and powders, and 
permits the employment of a[)i>roxiinately 0’5.V'8oluLions of 
^ectrolytes. The influence of hydrogen and hydroxyl ions on (he 
electric charge of the following inorganic gels has been examined : 
silicic and tungstic acids, antirjmnic anhydride, stannic and titanic 
acids, glucinum oxide an<l hydroxide, zinc, iron, magnesium, and 
silver oxides, and nickel hydroxide. With some of these, the con- 
centration of hydrogen and hydroxyl ions at the isoelectric point 
is determined ; with others, the lower limit of its value is ascer- 
tained. With regard to the hydrogen-ion concentration at the 
isoelectric point, the substances examined fall into four distinct 
groups; acids, acid ampholytes, basic ampholytes, and bases. The 
results of the iiivesligaliou are examined in the light of the present 
theories of the origin of the electric charge in colloid particles. 

F. W. 

Specific Heat of Liquids at Constant Volume. K. 

Zakrzewski (A nzeiffer Akad. Krakau, 1917. [.dj. 86 — 101; 

from Chem-. Zentr., 1920, iii, 440).- The values for — a/ft 

are calculated from the measurements of Seitz and Lechner 
(A., 1916, ii, 174). Whilst these values for ethyl alcohol at 
different temperatures between 0® and -90® lie with sufficient 
accuracy on a straight line in the dp jet volume diagram, for 
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ethyl ether and llrboii' disulphide they lie on different lines 
which are parallel to one another. Within this interval, 
Z'ipjdt^ = 0 tor alcohol, and therefore c, is independent of the 
volume. For ether and carbon disulphide, on the other hand, 
(opldt), = A+Bv,m which .1 is a function of the temperature, and 
Lnce cc,/S, = = TcAjM. Since the dependence of the 

specific hea4, Cj,, of these liquids on temperature has been investi. 
gated in this region by Battelli, it is possible to calculate c, (for a 
mean volume, i'). The following values for this factor are thus 
obtained ; 


Ethyl alcohol 

Ethyl ether 

Carbon disulphide 


0“. 

- 20®. - 30®. 

- 50®. 

o 

1 

- 90“, 


— 0-40fi 

0-386 

0-370 

0-358 



0-397 — 

0-386 

0-37G 

n-3fi2 

01 CO 

0139 — 

0-121 

0-lU 

O-lIO 


A bend sucb as would be expected from the Planck -Einstein 
formula is only observed in the case of ether when is plotted 
against the temperature; the opposite bend observed with alcohol 
and carbon disulphide is attributed by the author to the existenct 
of complex molecules iu these liquids. H. t\. 


Thermodynamics of Chemical EquUibrium in Condensed 
Mixtures. II. Cassei. (Zeitsch. Physik, 1920, 2, 71— 75).— This 
is a straivhl forward thersiiodynamic argument, apparently proving 
rigorously, from Planck’s statement of the third law, that any 
difference between the specific heats of the mixture and of the 
components separately, or any thermal effect on mixing, or any 
curvature in tlie vapour pressure isotherms, is a sign ot chemical 
action. The effect of volume changes or deviations of the vapour 
from the gas laws is neglected, however. Chemical Abstracts. 

Thermodynamic Properties of the Ions of some Strong 
Electrolytes and of the Hydrogen Ion in Solutions ol 
Tenth-Molal Hydrochloric Acid containing Univalent Salts. 
Herbert S. IIarneu (.7. Amer. Chew.. f!oc.. 1920, 42, 1808- 18321 
—Measurements of the electromotive forces of the cells 
n„ I MC1((;) in IICI (0 1) | HgCl ] Hg 
at 18°, 25°, and 30°, containing potassium, sodium, and lithim 
chlorides, respectively, have been made. Assuming the completf 
dissociation of the above electrolytes, it is shown that the hypo- 
thesis of the individual ion activities as postulated by Maclimes 
(A. 1919, ii, 385) is true within narrow limits, and that at a given 
concentration o’, potassium chloride the potassium and 
km activities are identical within narrow limits. The individual 
ion activity-coefficients of the hydrogen, potassium, sodrani. 
lithium, and chlorine ions from concentrations 0-1 to 3i/ hne 
laeen calculated. . , 

It is shown that the semi-empirical formula log -of-Pt ■ 
where F„ is the activity-coefficient of the ion, c the conceiitra i«- 
and a, and m are constants, will express F. as a function o ^ 
within experimental error from 0-01 to 34/ concentration. ^ ^ 
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of the free energies and heat content decrealfes of the cell reaction 
H,, + 2HgCl = 2HCl(0'l) + 2Hg in the presence of potassium, 
sodium, and lithium chlorides, respectively, has been compiled. 

On the assumption that' the ions have independent heat contents 
of transfer, and that at a given concentration of potassium chloride 
the potassium and chlorine ions possess identical heat contents of 
transfer from a solution of concentration Cj to a solution of con- 
centration if i^ possible to calculate the decrease of heat con- 
tent of transfer of the hydrogen ion from solutions of MC!(c) in 
HCl (6'1) to HCl (O’l). The results are tabulated. This decrease 
is shown to be a function of the total ion activity of the solution, 
not of the activity of tho hydrogen ion. J. R. P. 

Equation of State Covering all States of Aggregation and 
the Law of Action of the Molecules. Leov Schames {Zeiisch.. 

1920, 1, 376- 384).— The author derives values for some 
of the constants of his equation. Chemical Absteacts. 

Melting-point Methods at High Temperatures. Leo I. 

Pana and Paul D. Foote (7Vu/m. Fanvlai/ Sor., 1920, 15, 
180 — 217).— Detailed descriptions are given of the methods of 
determining the melting points of metals, inorganic salts, and 
silicates by means of thermocouples, resistance thermometers, and 
optical pyromelers, as well as special methods. The following 
Tiielting points are recorded: tin, 231'9'’; bismuth, 271°; cadmium, 
320'9°; lead, 327-4°; zinc, 419-4°; antimony, 630'0°; aluminium, 
6,c8'7°; silver, 960-5°; gold, 10630°; copper, 1083-0°; nickel, 
1452°; cobalt, 1480°; iron, 1530°; palladium, 1560°; chromium, 
161,5°; platinum, 1755°; silicon, 1420°; sodium molybdate, 687°; 
liorax, 741°; sodium chloride. 801°; sodium sulphate, 884°; sodium 
inetasilicate (Na^SiO-,!, 1088°; lithium metasilicale, 1202°; lithium 
orthosilicaie (Li,SiOj), 1255°, and various silicates, aluminates, and 
refractory materials. J. R. P. 

The Relation between Boiling Point in the Vacuum 
of the Cathode Light and Critical Temperature. P. 

Walden {ZetiKdi. anonj. Cheiii,, 1920, 112, 225 — 232). — Making 
use of the data given by Krafft (A., 1896, ii, 464; 1899, ii, 464) for 
a number of parafhns, fatty acids and their esters, and benzene 
honiologues of high molecular weight, it is showm that the ratio of 
the absolute boiling point, 'As at 15 mm., to that, T',), in the 
vaciuim of the cathode rays, has a mean value of 1-2. The ratio 
between the boiling points at 15 mm. and 760 nun. is given by 
It follows that which is identical 

with the mean experimental value for the higher paraffins. This 
value is practically identical with that found by van I-aar for the 
ratio of the critical temperature to the boiling temperature at 
atmospheric pressure, Tj.lT-c^ = l'&0. Hence the critical tempera- 
ture is 2'54 times the boiling temperature in the highest vacuum. 
In the case of the metals potassium, sodium, silver, and copper, the 
relation between Aeo and T’o is expressed by 
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The above reJation between critical tenipeiaiure ^nd boiling 
points is applied to calculate the critical temperature of metals 
For those metals of which the boiling point in absolute vacuum is 
not known, this is calculated from the relation that =. |.g 

where is the temperature at which vaporisation begins in the 
vacuum of the cathode rays. E. H. H 

Direct Measurement of the Thermal Molecular Velocity 

Otto Stern {Zeitsch. Vhysik, 1920, 2, 49 — 56). — A silvered 
platinum wire is electrically heated in a high vacuum (O' 0001 mm 
Ilg) until silver molecules leave it with a mean free path greater 
than the length of the containing vessel. Those of a certain diiec- 
tion are selected by passing two slits 0'2 mm. wide, and next strilte 
a brass screen 10 cm. away, where they condense as a dark line. 
If the apparatus is rotated, the line is displaced by an amount 
from which the velocity of the molecules can be calculated. Thf 
speed of rotation was 1500 rev. per minute, and the displacement 
about 4 mm. The indirectly known value was confirmed to lo“i, 
about the uncertainty due lo imperfect knowledge of the tempera- 
ture, The molecule of gaseous silver was shown to be monatomic. 

Chemic.1l Abstracts. 

Determination of Vapour Pressure. E. J. Hartung (Tmu. 
faradny Soc., 1920, 15, 150 — 159). — An improved teiisimeter i> 
described, which allows of the determination of vapour itressures 
with great accuracy. The vapour pressures at 0° of solutions at 
potassium chloiide, potassium sulphate, and sulphuric acid were 
compared with (hat of a sobition of potassium chloride saturated 
at 0°. J. R. P, 

Vapour Pressure of Aqueous Solutions of Mannitol, 
J. C. W. f'RAzER, B. F. I.ovEi.ACE, Riid T. H. Rogers (■/. Amer 
Cliem. Soe., 1920, 42, 1793 — 1808), — The vapour pressure lowerrnos 
of aqueous mannitol solutions have been determined over the range 
of solubility of the sub.stauce. The error due to dissolved air was 
eliminated. A mean deviation from Raoult’s law of only 0 0006 
mm. was found up to 0-8 molar concentration. By comparison witli 
freezing-point lowerings, it is found that log, decreases witl 
the temperature, or the heat of dilution has a small negative value 
for concentrations up to' 0‘5 molar. Comparisons ’wuth boiling-point 
determinations show that this changes to a positive value at higiier 
concentrations, J. R, P. 

Thermochemistry of Ionisation of Vapours ol certain 
Compounds. Paul D. Foots and F. L. Mohleh (J. Waskin^ioo 
Acad. Sci,, 1920. 10, 435— 444). — If a material in the vapour state 
ionises by disscciatioii it is sometimes possible to calculate tlie 
ionisation potential from cliemical and physical data. In the case of 
alkaii-metal iialoids, all the necessary data are known except the 
heat of sublimation. The heat of sublimation may be calculated 
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for haloids of metals of the second group from the vapour pres- 
sures. The ionisation potentials are computed for hydrogen chloride, 
bromide, iodide and sulphide, and the value for hydrogen chloride 
js found to be in agreement with the number detennined by the 
authors. J. B. P. 

Thermochemistry o! Carbon Compounds. A. Thiel 
(fler,, 1920, 53, fS], 1378 — 1382). — A criticism of the work of 
Fajans (this vol., ii, 354) and von Steiger (this vol, ii, 355). The 
author considers that Fa.iaiis’ calculations are to some extent based 
oil fundamentally invalid assumptions. For e.xample, the existence 
of iiionatmiiic carbon vapour is assumed into which carbon could 
only dissociate to the extent of about 50% at 10,000® according to 
calculations based on the theory itself. Tt is further assumed that 
the atoms in the crystal lattice of diamond are united to one 
another by the same valencies as in aliphatic compounds. In 
general, however, this can scarcely be the case, since it would then 
be impossible to explain the crystalline form of elements of lower 
valency; in all probability, only subsidiary valencies can be 
involved. H. W. 

The Benzene [Formula] Problem. III. A. vox Weinberg 
{Ber., 1920^ 53, f/l], 1353 — 1358). — As a result of recent experi- 
ments, Debye and Scherrer (A., 1917, ii, 437) have been led to the 
conclusion that carbon in the form of diamond is to be regarded 
as the prototype of alif)hatic compounds, whilst graphite and amor- 
phous carbon are the simplest stages in aromatic chemistry. The 
author does not regard the production of mellitic acid from 
graphite (and not. from diamond) as valid evidence of aromatic 
nature, since it is not a primary product. Further, Debye and 
Scherrer have seen in the suppressed fourth valency of the carbon 
atoms ill benzene an analogy to I he mechanically suf)f)ressible fourth 
valency of the graphitic carbon atom, and point to the behaviour 
of the triarylmethyls as proof of the existence of such weakened 
fourth valencies ; in reality, however, the valency is not weakened, 
as is evidenced by the behaviour of this class of substance towards 
oxygen, but only inteniiilteiitly saturated in consequence of the 
induced vibrations of the central carbon atom. Von Steiger (this 
vol., ii, 355) has adduced evidence in favour of Dcbve and Scherrer’s 
hypothesis by consideration of the heats of combustion of aromatic 
compounds. It is shown, however, that the energy involved in the 
Isolation and combustion of a carbon atom in benzene is 5'3 Cal. 
greater than that involve<l in the case of an aliphatic hydrocarbon 
and 7 Cal. greater than that involved with graphite-. It therefore 
appears that benzene rings cannot be present in graphite, and, more 
generally, that it represents a particulav type of union. The kinetic 
formula for benzene leads to the hypothesis that the excess of 
energy (5'3 Cal.) for an aromatic in comparison with an aliphatic 
carbon atom is a consequence of its more rapid movement, and is 
the logical conclusion of the theory that the energy excess of 
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multiple bonds is kinetic in origin — a theory which is defended by 
examples against the critidsms of Fajans. H. W. 

Heats of Combustion and Energy of Dissociation, p 

A. VON Weinberg {Jier., 1920, 53 , [/i], 1347 — 1353). — The present 
communication contains a concise, statement and justification ol' the 
views previously expressed in part by the author (this vol., 
and more recently crilicised in some particulars by Fajans [this 
vol, ii, 354). They may be expressed in the following manner: 

(1) in saturated aliphatic hydrotrarbous, the energy of dissociation 
of a C-C bond is equal to that of a C-H bond, that is, 

(2) the absolute value of ^ ^ ^ g^'^ater than the energy of 
dissociation of a hydrogen molecule; (3) molecular cohesive forces 
have not to be overcome in the combustion of solid carbon, wbfeV 
practically only requires the provision of the energy of four C valeu- 
des for the carbon atom. The absolute value for diamond or 
graphite is 15 Cal. (4) In the oxidation of carbon monoxide 
to carbon dioxide the energy of dissociation of the two so-called 
unsaturated valencies is equal to Q^-^. 

(1) If it be admitl(Hi that the energy required for the separation 
of two similar or dissimilar atoms is evenly distributed between tlip 
atoms, the following expression is obtained for the energy of clisrup 
tion of a hydrocarbon, -[(« - l)(?f.f. + 2 h. i- 2/2 . 

[2«' + 2/2 . in which the left bracket represents the eiiercrv 

required for the separation of n carbon atoms and the right bracket 
that required for 2« + 2 hydrogen atoms. The contribution of \h 
n carbon atoms towards the heat of combustion of the hydrocaiboii 

is - [(/? -1)C^.^,+ (// -i- l)()cir] ■^'dtere Ctoj -wi 
Ooj f^e energies of di-sodation of carbon dioxide and oxvo;eii. 
The summation law demands that this shall be true for any value 
of n, ivbich can only be tlie case when = Q^ ^x- (2) The values for 
the energy of dissociation of a hydrogen molecule are calculated froui 
the recent experiments of Franck. Knipping, and Krliger. It is at 
present impossible to elucidate the intramolecular process on wticli 
the difference depends. (3) If 96 Cal. be adopted as the mc^t 
probable value for the heat of combustion of solid amorphous 
carbon, it appears that the latter behaves during combustion a' a 
gaseous saturated hydrocarbon. Solid carbon therefore ccciipies a 
position different from that of all solid organic compounds, and it 
appears justifiable to conclude that liquid molecular carbon is incap- 
able of existence. The heat of combustion of diamond has beeu 
determined with g''eat accuracy to be 94'5 Cal, and this differenw 
of T5 Cal can only be explained on the,supposition that the work 
of dissociation in diamond is correspondingly greater. (4) Thmii-ai 
has alreaxly endeavoured to calcidate the absolute value for tlw 
energy of dissociation of a carbon atom from solid carbon bv ecu- 
sideration of the oxidations of the element to carbon monoxide riuJ 
dioxide r^pectively, but the author holds this mode of reasoni]!? lo 
be incorrect, since- it assumes the similarity of the C-0 double bond 
in carbon monoxide and the two C-0 linkings in carbon dioxide. 
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He prefers to calculate i^co from the heats of combustion of a 
number of aldehydes and ketones, and thus deduces the value 66-7 
Cal. (the value may he slightly inaccurate on account of the experi- 
mental difficulties in. working with the more volatile substances) ; the 
mean value of the heat of combustion of carbon monoxide as deter- 
mined by Berthelot and Thomsen is 67'4 Cal., a figure which agrees 
^vith the former witnin the limits of experimental error. It follows, 
therefore, that the two so-called unsakirated valencies of carbon 
luonoxide are not free during combustion, but require as much 
energy for their separation as does the carbonyl grouj) of a ketone. 
It therefore seems probable that the four ca.rbon valencies in carbon 
o’.onoxide are attached to the oxygen atom. H. W. 

Heats of Combustion and Energy of Dissociation. II. 

A, VON Weinberg {Jier., 1920, 53 , [5], 1519— 1528).— On the basis 
of the ideas developed in i)revious communications (this vol, ii, 14, 
and preceding abstract), the author has calculated the energy necesr 
sary for the fission of the commoner atomic linkings in organic 
compounds, In the following, the energy of dissociation is repre- 
sented by Q, and the index shows the linking concerned. 

It is found that = or that five of the 

tjoinmonest linkings in organic compounds are almost equally stable 
at IS'^. The eliininatioii of the first oxygen atom from carbon 
dioxide requires an expenditure of energy equal to 126 7 Cal., whilst 
for the second oxygen atom 265-o Cal. (a]>proximately double that 
used in the former case) are ne<‘essary. „ in ethyl alcohol and 
ethylene glycol is calculated to be 96 8 and 98‘7 Cal. respectively, 
whilst ill water it is 99'2 Cal. ; the difference lies within the limits 
of e.xperimental error, but it is quite possible that the OH linking 
in alcohols is slightly less stable than in water. The values calcu^ 
lated for 0^-_-,-and are 26G'4 Cal. and 233' 1 Cal. ; from this it 
follows that the treble bond in the case of nitrogen, in contrast to 
that of carbon, is exactly equivalent to throe single bonds, and this 
expl.iins why substances exmlaining the group C=N or N~N are 
not possessed of the same lability and power of forming additive 
oorapoimds as are those cciitaining the C:C group. Q,-,, and «re 
170'9 Cal, and 243'7 Cal. respectively. 0^,,., is calculated to 119'2 
Cal., which is in good agreement with the value (119 Cal.) found 
by Bom (this vol., ii, 156) by a totally different method, and thus 
strikingly confinning Born and Haber's ]>redict.ion that the energy 
cf dissociation, is equal to ihe elecf-iouic afliuity of the chlorine 
atom. is calculated to be 119'6 Cal., so that, practically the 
same expenditure of energy is necessary to separate the hydrogen 
nucleus from the electron, the hydrogen atom from the chlorine 
atom, and the latter from the carbon atom. Qci-o? QnBn QcPn Qhi 
ami are 78’8, 76-3, 74‘2, 59'4. and 54*.5 Cal. respectively, so that 
bromine and iodine are rather more firmly combined with hydrogen 
than with carbon. Tho equality of energy of dissociation and elec- 
tronic affinity is not found with bromine and iodine. The difference! 
between the energy of the corresponding linkings explains the differ- 
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ences in the reactivity of the alkyl haloids. is calculated to be 
104’5 Cal., which is in good agreement with the value (103‘6 Cal.) 
determined experimentally by Budde. re.spec* 

tively 254'5 Cal. and 336'2 Cal.; (>fR and ^HjS are 73-1 Cal. and 
152‘8 Cal. respectively (the latter value differing widely from that 
calculated by Bom). For fei the values 76‘4 Cal. and 71‘2 Cal. are 
calculated from different compounds. H. \V. 

Heat of Oxidation o! Glncinum. H. Copaux and 
Ch. Philips (Oompt. rew/Z., 1920, 171, 630 — 632). — thorn measure- 
ments of the heat of solution of glucinimi and its oxide respectively 
in hydrofluoric arid the author calculates the heat of oxidation of 
glucinum to be given by Gl.„,_ + 0^,^^^ G10^i_ + 151'5 cal. \V. G. 

Physico-chemical Properties of Highly Concentrated 
Dispersoidal Solutions of Noble Metals. N. I. Morosot 
(/. Ph'/fft. ('hem. Soc., 1915, 47, 783). The viscosity of a 
17-7% silver solution at 19'5° is I'll'i'd time.- that of water. The 
viscosity decreases with increasing temperature, for example, the 
time of flow for 17'7% silver solution at 19’5‘^ is 49’7 sec. and at 
34'5®, 37 sec. The study of dispersoidal solutions (viscosity, b. p., 
etc.) of high concentrations undoubtedly will make possible a quali- 
tative correlation among the degree of dispersity, the concentration 
of disperse phase and changes of properties of the disperse medium, 

Chemical Abstracts, 

The Viscosity of Liquids. IV. Ideal Mixtures of the 
Types Ether-Ether and Ester-Ester. Jambs Kexdall and 
Alexander Holland Wright (7. Amer. Ckem. Soc., 1920, 42, 
1776—1784. Compare A.. 1914, ii, 109; 1917, ii, 524, 525).-The 
viscosity curves for the following liquid systems have been deter- 
mined with the use of the Bingham viscosimeter: (1) ethyl ether- 
pheneitole; (2) ethyl ether-dipbenyl ether; (3) phenetole-dipheiiyl 
ether; (4) ethyl acetate-ethyl benzoate; (5) ethyl acetate-benzyl 
benzoate; (6) ethyl benzoate-benzyl beuzoale. Although these mix- 
tures are certainly very nearly ideal, yet the experimental data are 
not reproducible satisfactorily by means of any known simple 
formula. The logarithmic viscosity formula of Arrhenius gives 
values uiiifonnly a little low; the cube root viscosity equation of 
Kendall and Monroe (loc. cit.) gives values uniformly a little high. 
All other proposed formulae are altogether out of agreement with 
the figures of experiment. It is concluded that the experimental 
work has advanced As far as possible, and that further progress must 
be preceded by fundamental advances in the theory of the subject. 

J. K. P. 

The Influence of Temperature on the Surface Tension 
of Narcotics. Hans Wintkrstrin [with (Frl.) Else Uirschbekg] 
(Biocher/i. Zrifsrh., 1919, 100, 81—83). — ^The surface activity of 
benzamide, monacetin, salicylamide, and ethyl urethane increases 
with a rise in temperature. S. S. 2. 



GENEEAL AND PHYSICAL CHEMISTRY. 


ii. 671 


The Influence of Hydrogen Sulphide on the Occlusion 
of Hydrogen by Palladium. II. Edward Bradford Maxted 
(T., 1920, 117, 1280—1288). 

Adsorption from Solutions of Substances of Limited 
Solubility. M. PolInyi [Zeitsch. Pkijsik 1920, 2, 111-116).— 
A iiiatlieniatical paper. Chemical Abstracts. 

Mechanism of the Surface Phenomena of Flotation. 

Jrving Langmuir (Trans. Faraday Soc.y 1920. 16, 62 — 74).— Tlie 
adsorf)iion of organic substances with large molecules originates 
from certain atoms in the molecule. Wetting is due to the attrac- 
tion between the material wetted and some active group in the 
liquid molecule. A study of cleaned and oiled glass surfaces 
showed that films of molecular thickness are sufficient to alter 
radically the surfaces of solids, both as regards the lubricating 
properties of these films and the contact angles made by water 
drops. The formation of froth depends on the presence of sub- 
stances which can form a stable uniinolecnlar film over the surface 
of each bubble. In order that a froth may readily form, it seems 
desirable to have present a soluble substance liaving a strong 
tendency to be adsorbed on the surface of the liquid. The 
presence of alkalis in flotation is to be avoided, probably because 
the hydroxyl ion tends to draw the carboxyl group of the fatty 
acid to itself rather than allow it to attach itself to the solid 
particles. The tendency of particles to attach themselves to 
bubbles of the froth is measured by the contact angle formed 
between the oily surface of the bubble and the contaminated 
surface of the solid. The selective action by which substances like 
galena are separated from quartz and calcitc is dependent on the 
contact angle formed by the oiled surfaces rather than on any 
i-elective tendency for the oil to be taken up by some minerals more 
than by others. J. R. P. 

The Difiusion of Electrolytes into Jellies. III. The Relation 
of the Distance of Diffusion to the Di^usion Coefficient and 
its Dependence on the Concentration of the Indicators. 

Otto Furth, Hans Bauer, and Hansi Piksch (Hun-hem. 'Aeit^rh., 
1919, 100. 29—64. See A.. 1919, ii, 13; this vol., ii, 94).— The 
diffusion of various electrolytes in agar jellies was studied, and it 
was found that the laws of diffusion could also mostly he, applied 
to diffusion into jellies. It was further found that the ‘invasion 
factor,’’ that is, the relation of the distance of diffusiun of the 
electrolyte in question to that of a sodium chloride solution of the 
same molecular concentration diffusing under the same conditions, 
was an approximate measure for the square root of the diffusion- 
coefficient. It is concluded from this that most electrolytes also 
penetrate jellies according to the mobility of their ions providing 
•hat chemical affinity and colloidal changes do not interfere. The 
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distance of diffusion is influenced by the concentration of liig 
indicator in the jellies. S. Z. 

The ESect of Asymmetry. A Study in Crystal Structure. 

Thomas Vipond Bahkeh and Maky Wineaels Pokter (T., 19ai, 
10.7, 1303—1321). 

The Electrochemical Behaviour of Mixed Crystals of 
Gold with Copper and Silver. G. Tammann (Zeitsch. aiwrg. 
Chem., 1920, 112, 233— 243).— In previous papers (A., 1919, 
ii, 398, 406) it has been shown (hat there is a limiting composition 
for gold— copper and gold— silver alloys, such that, when the gold 
content exceeds this limit, the alloys are not attacked by difterent 
chemical reagents. The limiting composition was correlated with 
the probable distrihiition of the two kinds of atom on a face- 
centred cubic lattice in the crystalline structure of the alloy. The 
electrochemical properl ies of these alloys have now been investi- 
gated. When copper-gold alloys are used as anode in an electro- 
lytic cell, with a copper cathode and cci])per sulpnate or nitrate 
as electrolyte, the limiting composition is about 0-27 to 0-30 mol, 
of gold; with a smaller proportion of gold lhan this, copper is 
dissolved from the anode. With gold-silver alloys as anode, using 
sulphuric or nitric acid as electrolyte, the limiUng composition is 
0-35 to 0-40 mol. of gold. Similar limits were found when the 
decomposition potenlials of such cells were measured. On the 
other hand, to obtain a persistent polarisation effect of 1-4 volts in 
the case of gold-copper and 0 /3 volt for gold-silver, the propor- 
tion of gold to silver or copper must not fall below 0'5 mol. The 
normal limiting composition for weak oxidising agents, such as 
hydrogen peroxide, in acid or alkaline solution is about 0 25 mol, 
of gold; ill the case of anodic oxygen, therefore, this normal limit 
is exceeded. The same is true of anodic sulphur, produced by ths 
electrolysis of sodium sulphide, the limit in this case being more 
than 0-50 mol. of gold. 

Discussing these observal ions from the point of view of the spare- 
lattice theory, the author points out that in an alloy containmg 
0-25 mol, of gold, that is, 1 alom of gold to 3 of copper, in the 
face-centred cubic lattice there will not be in any cube face piar.s 
any two copper atoms the distance of which from one aiiotcer 
corresponds with the minimum translation in the lattice. T..e 
alloy would therefore be protected against attack by any agent 
which needs two atoms of copper. If the agent can a.tlack l .f 
copper, on the ornbr planes, but the gold atoms retain their pott- 
tions, then, if the agent cannot penetrate the structure, the alio; 

is still resistant. , - t ttf 

The limiting composition for strong anodic polarisation or if 
alloys, 0-5 mol. gold, is the same as the limiting composition m 
gold-palladium alloys for hydrogen solubility. These facts '“S', ' 
correlated with the presence in the structure of alloys contami 
0-5 mol, of gold .or less of cube edges or diagonals tonnw 
exclusively of copper or silver or palladium atoms. E, H. 
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Relation between the Solubilities of Solutes and their 
Molecular Volumes. Shinkichi Horiba (Trans. Faraday Soc., 
1920, — '185). — When a solute of molecular volume I' is 

dissolved in a solvent of molecular volume v, the number of mole- 
cules of solvent' which can surround one solute molecule is 
approximately 4/l'l . ( ^i'/ y + 1)2, assuming that I' is distinctly 
Ijjrger than v. If the logarithms of the solubilities are plotted 
against this expression, straight lines are obtained. J. R. P. 

Mutual Action of Trimethylsulphanilic Acid and Strong 
Electrolytes. Masao Katayama and Nobuo Yamada (J. Tokyo 
I'ht'in. Soc., 1920, 41, 193 224). Yb has been shown (^ihuL, 36, 
■ 45 ) that trimethylsulphanilic acid is not an electrolyte, but lowers 
ihe electrical conductivity of other electrolytes, due either to inter- 
ference of ionic velocity of the electrolytes or to formation of 
c'oihplex salts. The authors failed to obtain the crystalline com- 
plex salts reported by Griess (A., 1880, 322), except when 
potassium salts were present. The complex salts prepared by 
therefore, must have either coutaiped potassium salts or 
iiicthylation must have been incomplete. From determinations of 
ihe transport number of hydrochloric acid containing the sulphonic 
acid, it is shovni that there is no complex salt formation, Viscosity 
iiieasurements of aqueous solutions of (rimelhylsulphanilic, hydro- 
chloric, and acetic acids show that the effect is additive for acetic 
acid and the sulphonic acid, but is Jiot so for hydrochloric acid 
iijicl the sulphonic acid. The change of conductivity of both hydro- 
chloric and acetic acids produced by the addition of the sulphonic 
lioid is entirely due to the change of viscosity. The solubility and 
ihe change of volume produced when the sulphonic acid is added 
I 0 water, hydrochloric aci<l, ami aoelic acid are also measured. 
The general conclusion is that hydrochloric acid increases the dis- 
sociation of tviniethylsiilplianilic acid, but the latter does not affect 
ihe dissociation of hydrochloric acid. Ghemical Abstracts. 

Reversible and Irreversible Dispersoidal Parasitism. 

P. P, VON Weimarn, N. I. Morosov, and V. J. Anossov (/. Ruftff. 

Vhem. Sor., 1915. 47, 782). An investigation on the con- 
Ciiuons of f(5rinalion of dry and solid preparations of silver, which 
are reversibly soluble, leads to the follov.’ing conclusions : Disper- 
soidal parasitism is reversible in the limits of ordinary tempera- 
lure (20- 25®) only when the substance which originates it is 
soluble at these temperatures. Examples: silver-}- gum, silver }- 
dextrin. Dispersoidal parasitism is irreversible in the limits of 
the ordinary temperature if the substance which originates it is 
insoluble at these temperatures. Examples: sdver + agar, silver + 
gelatin. Gelatin and agar are therefore stabilisers only for liquid 
];reparations of dispersoidal silver, and the dried preparations do 
not ciis.solve in water at 20 — 25®. A method has been developed 
for obtaining liquid solutions of silver of very high dispersity ; 
concentrations of 15% and more are easily obtainable in about one 
hour. Chemical Abstracts. 
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Method of obtaining Dry Precipitates of any Insoluble Sub- 
stances, which pass into Dispersoidal-dissolved State Com- 
mencing only from some Fixed Temperatures. P. P. vox 

Weimarn, N, I. Mohosov, and V. J. Asossov (,/. Uim . Phgt , 
Cheiii. Sof.. 191 B, 48, 19J). — Dispersoidal parasitism is character 
ised by the fact that any insoluble substance (for example, silver, 
sulphur, barium sulphate, etc.) receives nearly the same properties 
of '■ solubility ” as a substance at the expense of which it parasites. 
Therefore, by mixing together any insoluble precipitate of high 
dispersity with various substances which are parasitised and which 
are sufficiently soluble, for example, successively at 10°, 20°, 30'>, 
40°, etc., there is obtained a succession of dry preparations of the 
insoluble subslanco. These preparations are “soluble” also 
successively in (he vicinity of temperatures enumerated above. 
Many organic substances (solutoids, for example, gelatin), on heal- 
ing of their solutions for a long time, give products soluble at still 
loiver temperatures than the ori,ginal substance. These tempeia- 
tures are lower the longer (he solution is heated. These products 
are especially convenient for realisation of the method here 
described. For example, a dry precipitate of dispersoidal silver 
(63“4 of Ag) which is iircpared with gelatin, previously boiled for 
seven hours, practically “does not dissolve” in water at about 
20°, but it “dissolves” excelleiilly at about 3.5°, giving very stable 
silver “solutions” of high dispersily, Chemical Abstracts. 

Coagulation of Agar-agar Hydrosol. Keizo Iw.tsi 
(J. Toh/o (’him. AV.. 1920, 41, 46S 479).— The effects of tempera- 
ture and of salts on the velocity of coagulation were studied. 
Agar-agar was washed with dilute acetic acid, water, aqueous 
ammonia, and wafer, dissolved by heat, and then filtered. The 
precipitate produced by alcohol, and dried with alcohol and ether, 
was a white powder. A known concentration of agar-agar was 
prepared by dissolving this powder and heating under a reflux 
condenser " The hydrosol thus obtained was transterreii to lest- 
tubes and kept in a bath 20° higher than the temperature under 
which experiments were to be conducted. The end-point of the 
coagulation was taken at the time when the agar not only would 
not flow, but also its surface meniscus could not be disturbed on 
inverting the test-tube. The general conclusions are: The more 
concentrated the hydrosol, the greater is the speed of coagulation. 
The effect of the salts on coagulation time is greater when ttie 
hydrosol is the piorp. concentrated. Series of ionic effect are 
K>Na.S0^>CH/c00>CV,H*05>Cl>Br>N03>I. Although the 
temperature eltect on tlie speed of coagulation is very gisa • 
order of this series of the salt effect at different teinperatui es op? 
not change. The healing of the sol prolongs the time of coagula- 
tion, finally rendering it non-coagulable. Chemical Abstracts. 

Sedimentation. Peter Rosa and Paul Gyorgy (ft'"'** 
Zeitxch., 1920, 105, 133-140).- According to Bodlaiid 

(Jahrh if in., 1893, 2, 147). small proportions of electroiyt 
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soluble in water cauae rapid clarification of kaolin suspensions, 
whereas soluble non-clectrolylea, even in large amounts, are 
ineffective in this respect (compare Kriiyt and van Duin, A., 1914, 
ii, 182; Freimdlich and Rona, A., 1917, ii, 365; Rona and 
Michaelis, A., 1919, ii, 269). The anthprs have now made further 
experiments with methyl, ethyl, isopropyl, amyl, heptyl, n- and 
.sec. -octyl, and decyl alcohols, methyl-, ethyl-, propyl-, isobutyl-, 
and phenyl-urethanes, diphenylthiocarbamide, chloroform, tri- 
butyrin, camphor, and thymol, and find that nearly all of these 
uon-electrolytes increase the velocity of sedinientatioii of kaolin. 
In homologous senes, this acceleration increases in magnitude with 
the length of the chain, and only with compounds virtually 
insoluble in water is no effect detectable. 

The increases in the viscosity of water produced by these com- 
pounds are at most very small, and the authors assume that the 
iion-electrolytcs produce a sensibilisation of the suspended jrarticles 
towards the electrolytes always present, and thus increase the 
velocity of sedimentation of the kaolin particles. This view is 
supported by the observation that the velocity of sedimentation of 
charcoal is not influenced by non-eleolrolytes. T. II, P. 

Structure of Precipitates. Sven Onto (Sven$k. Kem. Tidskr., 
1920 , 32 , 90—98'; from ('hem. Zenir., 1920, iii, 326—327, Com- 
pare this vol., ii, 600).— The author has endeavoured to develop a 
theory concerning disaggregation and aggregation with increasing 
electrolyte content, bnl, the subject is difficnlt, on account of the 
limited knowledge regarding the electrical double layer. 
Freundlcr's absorption formula may be adopted, and the assump- 
tion may be made that for each type of ion a special adsorption 
isotherm of the form y-jSi” exists in which the coefficient is 
greater for one variety of ion and the exponent greater for the 
other. The derived relationships are expressed by graphs. The 
author considers that the so-called peptisation of a precipitate 
consists exclusively in the adsorption of ions, with discharge of the 
primary particles and subsequent scattering of the aggregates. 
The influence of concentration, lemperaturei^ and rate of admix- 
ture of the reacting solutions on the size of the primary particles 
lias been accurately investigated. The effect of concentration on 
the structure of precipitated barium sulphate has been examined 
with solutions of barium thiocyauale and aimnouiuin sulphate. If 
the concentration of the supersaturated barium sulphate solulion 
at the moment when primai-y particles separate be denoted by 
it appears that, with diminishing concentration of the reacting 
solutions, the primary particles arc of' sufficient size to remain 
stable when fl/i-0’25. The distribution curves for the magnitudes 
of the particles are given. If one solulion is added drop by drop 
to the other, the harinm sulphate primarily formed separates at 
a considerably lower value of 31. and consequently in correspond- 
nigly larger particles than if (he lofal quaiility of barium sulphate 
IS simultaneously produced. The influence of rate of addition on 

ue primary structure is quantitatively examined with the help of 
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solutions of barium nitrate and ammonium sulphate, and the 
results are given in a scries of graphs. Finally, the effect of 
temperature is studied, and the well-known phenomenon that pi-g. 
cipitated barium sulphate becomes coarser with increasing 
temperature is quantitatively examined. H. W, 

Copper Ferrocyanide. E. J. Hartung {TTans. Faraday 
1920, 15, 160 — 177).' -Preliminary experiments on the equilibrium' 
between moist copper ferrocyanide and aqueous vapour, and on the 
adsorption of potassium 'chloride and potassium sulphate from 
solutions by copper ferrocyanide, are described. The function of 
copper ferrocyanide in semi-permeable membranes is discussed 

J. R. P. 

Equation for the Chemical Equilibrium of Homogeneous 
Mixtures. Ai.pred W. Portkr {Trans. Faraday Soc., 1920, I 5 
75 — 82). — A mathematical paper in which the conditions for (he 
equilibrium of a homogeneous mixture at constant temperature, 
and the effect of pressure on tlie equilibrium constant, are deduced 
by rigorous methods. J. R, P. 

Self-ignition of Ethyl Ether-Air Mixtures. J. A. McCr.ELLA:<D 
and H, V. Gtt.l I^roc. ]^oy. Dnhlin Soc., 1920, [N.8.], 16. 
109 — 119). — Tgnilion occurs when a mixture of ethyl ether vapoiu 
and air is allowed to rush into a partly exhausted tube. Measure- 
ments of the temperature in the tube showed that the rise of 
teniperature produced reached the ignition point of the mixture. 
The rise of temperature is attributed to the conversion into heat 
of the translational energy of the gas rushing into the tube, 
The length of the explosion tube affects the results. J. R. P. 

Theory of Velocity of Reaction. M. PotixYi {Zeitsch 
Physilc, 1920, 2, 90 — 110. Compare this vol., ii, 238), — The roji- 
mechanical nature of chemical processes, considered in conjunc- 
tion with the quantum hypothesis, leads to the conclusion that 
chemical decomposil.ion is influenced by atomic vibrations. It i? 
assumed that these vibrations are irregular. Formulse have been 
deduced for the reaction velocity of different types of chemical 
processes. Chemical Abstracts. 

Velocity of Unimolecular Reactions. Eric K. Ride-u 
(Phil. May., 1920, [vi], ^0, 461 — 465), — A theoretical paper in 
which unimolecular reactions are considered from the point of 
view of the radiation hypothesis. It is shown that the reaction 
velocity of a unimolecular reaction is given by the expression 
dnjdt = v where v, the activating radiation frequency, 

identical with the time of molecular relaxation. On the basis of 
the radiation theory, light would appear lo be corpuscular, the size 
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of a quantum being equal to a wave-length of light. 1 1 its energy 
be due to an electrostatic charge, E, then — J. F. S. 

The Propagation oi Flame in Mixtures of Methane and 
II. Vertical Propagation. * III. Propagation in 
Currents of the Mixtures. Walter Mason and Eichaed Vernon 
Wheeler (T., 1920, 117, 1227—1240). 

Kinetics of the Reaction of Nitrous Acid, particularly 
towards Halogen Oxyacids. Albin Kurtenacker {Monatsh., 
1920, 41, 91 — 113. Compare A., 1914, ii, 552; 1915, ii, 537, 622). 
—The action of sodium nitrite in aqueous solution towards 
potassium chlorate, dichroraate, and pennaugaiiate in the presence 
of potassium hydrogen sulphate has been kinetically investigated. 
With the first two oxidising agents, the solutions of sodium nitrite 
and potassium hydrogen sulphate are mixed at 20°, and, after a 
period of about fifteen minutes, during which the solution acquires 
a steady condition, the agent is added. Aliquot portions of the 
mixture are removed at definite intervals and almost neutralised 
by alkali; the nitrous acid is destroyed by protracted ebullition 
with ammonium sulphate, and the unchanged oxidising agent is 
estimated by the addition of a measured volume of ferrous sulphate 
solution, followed by titration of the excess of the latter with 
.T/lO-pernianganate solution. In the case of potassium perman- 
ganate, reaction proceeds very rapidly, even in dilute solution, and 
the measurements are effected by noting the time necessary for the 
decolorisation of a known quantity of permanganate by potassium 
nitrite in the presence of acetic acid. 

The chlorate-nitrite reaction can he expressed by the formula 
= A‘. 2 ^(C 10 ;i')(HN 0 .,), where is the velocity- 

fioefficient of the uncatalysed action. A'., the acceleration-coefficient 
of the acid, and A' the concentration of Che latter, whilst with 
dichromate the expression becomes 

,= [7T, -b A-.,(,V)2J(H,,Cr A)(HN0,) . 

In all probability it is the undissociated nitrous acid, and not the 
ni'rile ion, which takes part in the change. Similarly, the 
calalytically accelerating action of the added acid 
(KHS 04 ,CIl 3 -G 0 ,,H) 

is probably to be attributed to the undissociated molecules {or 
HSO^^ ions), and not to the hydrogen ions. The independence of 
the rate of reaction of the ^concentration of the nitrite, which is a 
feature of the bromate reaction, is not observed in any of the new 
cases under investigation. Very marked differences are found in 
the mechanism of the action of chloric, bromic, and iodic acids 
respectively ; the gre-atest abnormality is observed with bromic acid, 
which, ill contrast with its position in the natural .series, acts much 
more rapidly than either chloric or iodic acid. Further experi- 
ments with other oxidising agents will be necessary to elucidate 
the reasons of this divergent behaviour. Permanganate reacts 
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much more rapidly with nitrous acid than does any other oxidising 
agent. H. W. ^ 

Comparative Rate of Hydrolysis of the Fatty Esters of 
DiSerent Alcohols. M. Meinric^ Franck [Seifenfahr., 1920 
40j 293 — 294; from Vhtm. Zenfr., 1920, iii, 337), — lu order to 
investigate the relationship between resorption and rate of hydro- 
lysis of fatty esters, the author has determined the latter factor 
for linseed oil and for tl^ ethyl and ethylene esters of the fatty 
acids of this oil. The substances were dissolved in light petroleum 
and treated with alcoholic-potassium hydroxide solution at 345 
or 4*^, the free acid being periodically tested. Differences in the 
rates of hydrolysis were not. great, the glyceryl ester being most 
rapidly, and the ethyl ester least readily, affected. With esters of 
the polyhydroxy-alcohols, the curves showing the rate of hydrolysis 
indicate a primary rise followed by a distinct minimum, which is 
apparently due to temporary formation of the ethyl ester. 
Enzymic fission by “steapsiii Oriibler’' was also investigated, and 
the curves again show a minimum after an initial maximum, In 
agreement with other experiments, the order glyceryl, ethyl, 
ethylene ester is established. H. AV. 

The Hydrolysis of Platinum Salts, I. Potassium 
Platinichloride. Eden Henry Archibald (T., 1920, II 7 , 

1104—1120). 

Significance of Neutral Salts as Catalysts in Chemical 
Reactions. Oskar Baudiscu {Biochem. 2eitsch., 1920, 106, 
134 — 138). — The author confiruis the observation of Wurster (A,, 
1889, 1242) that hydrogen peroxide and a solution of a-naphthyl- 
amine in dilute acetic acid react, with formation of a colouring 
matter, in presence of sodium chloride. It is found that this 
reaction takes place instantaneously in presence of lithium chloride, 
almo.st as quickly with magnesium, calcium, or aluminium chloride, 
and only after the lapse of several minutes with sodium, 
ammonium, or potassium chloride. The sulphates and nitrates 
corresponding with these chlorides arc inactive in this respect, as 
also are potassium sodium tartrate and potassium citrate aud 
acetate. In place of a-naphthylamine, any other readily oxidisable 
aromatic amine may be eitiployed, but jS-naplilhylamine dues uot 
respond to the reaction. The pronounced effect produced by 
lithium chloride is -ioubtless due to the stronger secondary valencies 
of the lithium in comparison with those of sodium and potassium, 
the aromatic amine to be oxidised first undergoing loose union with 
the central lithium atom. The oxidation of aniline salts or of 
benzidine by means of sodium ammonioprusside in presence of 
atmospheric oxygen or hydrogen peroxide do’es not seem to diffei" 
fundamentally from the oxidation of aniline acetate by means of 
hydrogen peroxide in presence of lithium chloride. The well- 
known oxidation of ammonia to nilrous acid by the agency of 
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copper hydroxide and atmospheric oxygen is probably of the same 
character; just as in the oxidation of ammonia by hydrogen per- 
oxide in presence of sodium chloride, the ammonia first enters into 
co-ordinative union with the central metallic atom, oxidation to 
nitrous acid by the activated oxygen then occurring readily, 

T, H, P, 

Studies in Catalysis. XIV. The Mechanism of the 
Inversion of Sucrose. Catherine Margaret Jones and 
William Cudmore McCullagh Lewis (T 1920 117 

1120-1133), 

Catalysis in the Hydrolysis of Esters by Infra-red 
Radiation. Eric Keightlet Rideal and James Aetiiuk Hawkins 
(T„ 1930, 117 , 1288—1296). 

Origin of the Elements. J. U. Vincent {Proc. Physical 
Sue, Londmi, 1920, 32 , 271 — 290). -A Iheorelical paper in wliich 
hypotheses in connexion with the origin of the elements are jiut 
forward. The atomic weights arc regarded as the weighted mean 
values of the atomic weights of the isotopes of the elements, but 
it is assumed that, as a rule, the atomic weight of (he ordinarily 
occurring element is near to that of some one isotope. Figures and 
tables are drawn up showing how this accounts for the accepted 
values of a large number of atomic weights, if it is also assumed 
that the weights and positions in the periodic table of any isotope 
are conditioned by laws similar (n those holding in the recognised 
radioactive families. The elements are all supposed to be derived 
from parent elements by processes known to occur in actively 
radiating families, but Iheir radioactivity is not, in general, delect- 
able by the usual means, owing to the velocity of expulsion of the 
particles being low, The po,ssibility of the reversibility of radio- 
active processes is considered, and regarded as probable in certain 
cases. Difficulties in connexion with the views expressed are con- 
sidered. The hypothesis is used to explain the laws (so-called) of 
ihe atomic weights of elements of small atomic weight, and the 
shape of the curve obtained when the atomic weights are plotted 
against Moseley’s numbers, J, F. S. 

Dimensions of Atoms. A. O. Raskixe {Vhil. Mag., 1920, 
[vi|, 40 , 516 — 519). — A theoretical paper in which the atomic 
diameter of argon, neon, krypton, xenon, chlorine, bromine, iodine, 
oxygen, and nitrogen, as found by Bragg from crystal measure- 
ments (this vol., ii, 537), are compared with the values found by 
the author from viscosity measurements (A., 1910, ii, 183, 409, 
829; 1912, ii, 332). It is shown that the values obtained by the 
latter method are soriiewhat larger than those obtained by the 
former, but that the increment in the diameter, in passing from 
one member of a group to the nexl-, is generally about Ihe same 
in the two sets of values. ■ J. F. S. 
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Constitution and Structure of the Chemical Elements 

Hawkswobth Collins (Ckem.. Sews, 1920, 121, 157 — 159).—^ 
continuation of a former paper (this vol., ii, 26), in which elemenlc 
heavier than manganese are included. The sodium atom is sup- 
posed to enter into the constitution of heavier atoms, and the 
addition of a mass of 23 always corresponds with the gain or loc^ 
of one electron. It is shown by calculation that the results cannot 
be due to chance. J. R. 

Five Main Principles in the Constitution and Structure 
of the Chemical Elements. Hawkswobth Collins {Chcvi. 
News, 1920, 121, 182 -185).— (1) Single chemical valencies 
emanate from elements or portions of elements the masses of whicli 
are 1, 3, 7, 23, and 39. (2) The non-metallic nature of an element 
is always due to a pair or pairs of electropositive forces, each pair 
emanating from a portion of the element, of which the mass is 4, 
taking the mass of an atom of hydrogen as unit. (3) Monadic 
Na (1^3) takes a prominent part in the formation of all elements 
of greater mass than itself. (4) In the simpler elements, H (p 
forms the connecting link between the other portions, 3, 7, 2'i 
and 39. In the formation of the heavier elements, masses of ^3 
sometimes unite by forces which are not chemically evident with- 
out any intervening unft mass. (5) Each of the heavier elenicrtsis 
formed by the union of simpler elements (which are indicated in 
each case by laiueralogical and chemical facts combined). 

J. R. P, 

A jpal 

Hepreseutatlon of the Periodic System of the 
by a Three-dimensional Spiral. Georg ScHiLTE.VBR..txD 

(Zeitsch. anorg. Chem., 1920, 112, 221 — 224). — The elements are* 
arranged in order of atomic weight on an eccentric spiral. The 
spiral has turns of four kinds of increasing circumference. The 
first, smallest turn carries the elements hydrogen and helium, and 
is followed by a larger turn corresponding with the first slion 
period of the periodic table. Tlie short turn is then repeated, 
carrying neon and fluorine, and in succe.ssive similar short luin' 
appear an inactive element and a halogen. The long periods c; 
the table are represented by correspondingly large turns of ihr! 
spiral, and the largest turn of all carries the rare earth eleineiit'^- 
Elements belonging to the same group in the periodic table lie in 
a vertical plane passing through the axis of the spiral. 

E. H. R. 

The Melting Point, Atomic Volume, and the Atomic 
Number of the Elements, and the Restoring Force of the 
Atoms. SuMiNosuKE Ono (Proc. Phys, Math. Soc, Jagan, 191^! 
[3], 1, 251 — 260). — By means of Lindema^n's formula, appro;:i' 
mate but simple quantitative relations betw-eeii the atomic 
numbers and, melting points, etc., are deduced, and are given m 
the form of charts. Chemical Abstracis. 
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Atomic Forces. W. Kossel (Zeitsch. Physik, 1920, 1, 
395—415. Compare A., 1916, ii, 243).— A discussion of tlie 
general nature of chemical bonding. The two main classes are ; 

(1) heteropolar, where the forces are electrostatic and between 
different kinds of atoms, depending on the valence electrons, and 

(2) homopolar, generally between the same kind of atoms or mole- 
cules. In (2) the bonding is generally due to the holding of outer 
electrons in common, and their periodic properties can be predicted 
by assuming that atoms tend to take up electrons to form the stable 
S-couligurations of the noble gases. The bonds considered may be 
those between atoms or between molecules, the two being sometimes 
indistinguishable, as in the case of the sodium chloride lattice. 
The two classes may be combined, as in the case of silicon tetra- 
chloride, where the submolecular forces belong to (1) and the inter- 
molecular to (2). The haloids of (1) (alkali and alkaline earth) are 
characterised by decrease of stability (m. p.) with increasing mole- 
cular weight of the halogen, whilst those of (2) show the reverse. 
Many other periodic characteristics are discussed. 

Chemical Aestkacts. 

Percentage Curves of Carbon Compounds. Alexander 
Janke {Oesterr. Chem. Zeit., 1920, 23, 98 — 101, 106—108). — A 
mathematical paper in which the nun(bers of carbon atoms in 
organic compounds are represented as abscissEC and the percentage 
of carbon as ordinates. The resulting curve is called a percentage 
curve. For all hydrocarbons except these curves are para- 

bo'as. For hydrocarbons, C.Hj,,, they are straight lines. The 
, ' t)' fence of substitution is considered. J. R. P. 

The Theory of Molecular Compounds. Paul Pfeiffer 
(Zeitsch, anorg. Chem.^ 1920, 112, 81—96),— -In certain respects, 
Werner’s co-ordination formul®, as applied, for example, to the 
cobaltammines, are unsatisfactory. It is difficult to understand, 
for instance, in the hexammine chloride, Co[(NH 3 )g]Cl 3 , how the 
field of affinity between the cobalt and chlorine al^ms can extend 
over the field of affinity of the ammonia molecules, especially in 
view of the strong affinity between hydrogen and chlorine. The 
variation --of the total valency of cobalt between 6 and 9 in the 
cobaltammine group is also difficult to understand. The author 
applies the principle of “affinity adjustment of the valencies” to 
overcome the difficulties. In molecular compounds, such as the 
cobaltammines, the cobalt atom is assumed to have a fixed 
co-ordinative valence of 6, corresponding with the number of groups 
in the inner sphere of Werner’s formulae. The ionisable radicles 
or atoms in the outer sphere are then considered to be combined 
^vith the complex radicle as a whole, not attached definitely to the 
cobalt atom or to any of its associated molecules. The same idea 
IS applied to the cdmplex platinum salts. 

Complex organic molecular compounds, such as those formed 
between aromatic hydrocarbons and di- or tri-nitrobenzene, or 
between hydrocarbons and quinon^, are also considered. There 
VOL. oxvTU. ii. 26 
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is, in general, no connexion, for example, between the number of 
nitro-groups in a compound and the number of aromatic nuclei 
with which it mil combine. In such cases, the compounds are 
formed by the saturation of polyatomic valence fields on both sides. 
In some cases it is conceivable that a polyatomic valence field may 
be saturated by combination with a monatomic field, for instance, 
when a quinone, with two unsaturated carbonyl oxygen atoms, 
combines with two benzenoid nuclei. In other classes of com- 
pounds, for instance, the compounds between tin tetrachloride and 
two molecules of a keinne, a compound of the co-ordinative type 
may be formed, the tin in this case having a co-ordinative valency 
of 6, thus: 


SnCl 

Vf 


•OiCKj 

^•o:cr; 


In the crystal structure of simple organic molecular compounds 
of the type AB, it is probable that each constituent acts as a 
co-ordination centre, so that complexes of the type AB^ and 
interpenetrate, as they do in a rock-salt crystal. This would 
explain the predominance of the simplest type of such molecular 
compounds. E. H. B, 

Back-pressure Valves for Water Filter Pumps. E. Pikoif 
(Vhem. Zeit., 1920, 44, 671).— To prevent water passing into a 
flask under exhaustion from a water-pump, owing to an alteration 
in the water pressure, a simple valve is inserted by means of rubber 
tubing between the pump and the, flask, manometer, etc. This 
consists of a short glass tube constricted at each en^. to a small 
opening. Within this is a short glass rod, one end of whi^h is 
fitted into a piece of pressure rubber tubing, whilst the other end 
is somewhat flattened, and also capped with rubber, a narrow 
space for the passage of air being left between the rubber tubing 
and the inner wall of the glass tube. The rod is thus movable, 
and so long as the pump is working normally is forced against the 
constriction nearest the pump, still leaving a passage for the air, 
but should any water enter the tube from the pump, the rod is 
immediately driven back against the other constriction, the open- 
ing in which it seals, so that neither water nor air can enter the 
flask. C. A, M. 


Laboratory Apparatus for Delivering Small Quantities oi 
Gas for Admixture with Other Gases in Constant Pro- 
portion. Robert jIezger (Chem. Zeit., 1920, 44, 658 — 659).— For 
the delivery of a constant supply of a gas (for example, ammonia) 
in definite proportion to another gas, the ammonia is generated by 
heating ammonium chloride and moistened lime in a round. 
bottomed flask supported in a basin of mercury. Through the 
stopper of the flask passes one arm of a T-tube, whilst another 
branch of this is connected with a mercury thermo-regulator con; 
trolling the supply of gas to a Bunsen burner beneath the basm- 
There is also a pilot flame, with an independent gas supply, adjoin- 
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L^g the Bunsen tube. The other outer limb ot' the T-piece con- 
ihicts the ammonia into a capillary tube, which is connected with 
a wider tube, bending first laterally and then upwards to join a 
second T-piece. One arm of this communicates with a measured 
supply of a gas or of air, w'hilst the other is fitted into a reaction 
tube packed with glass wool. The pressure is shown on a mercury 
manometer between the ammonia flask and capillary tube. After 
removal of air from the apparatus by means of ammonia, the flask 
is connected with the capillary, and the tap communicating with 
the thermo-regulator opened. As soon as the pressure rises 
sufficiently, the gas is cut off from the Bunsen burner, and only 
ihe minute flame is left, until the pressure falls again, the gas is 
re-lighted from the pilot flame, and ammonia again evolved, and 
so on continuously. The regiilaliou of the ammonia supply is 
effected by means of the capillary tube. For a definite capillary 
and kind of gas, the consumption of the gas (in this case ammonia) 
in c.c, per second (v) is found by means ot the following modiii- 
.■ation ot Poiseuille’s formula, r-K.U, where H represents the 
.liSerence of pressure and K a constant defending on the capillary 
and the gas used. In the case of ammonia, it may be found by 
varying the difference in pressure and estimating each time the 
Mtresponding amounts of ammonia by absorption in standard 
sulphuric acid. By plotting the results tor v in a co-ordinate 
system, the volume of gas corresponding with any required pressure 
may be read directly. C. A. M. 

Lecture Demonstration of the Instantaneous Combination 
of Bromine with Hydrogen and of the Chlorination of 
Magnesium in the Form of Magnesium Wool. Otto Ouuann 
(fler., 1920, 53 , [B], 1429 — 1430).-- Bromine (four to six drops) is 
‘placed in a litre gas cylinder, which is shaken until complete 
evaporation has occurred. The cylinder is brought mouth to mouth 
with a similar jar filled with hydrogen, and, when diffusion has 
laken place, the mixture is ignited with a red-hot wire. Com- 
binalion occurs instantaneously with a perfectly harmless explosion, 
which is due to the uuiou ot excess ot hydrogen with residual 
atmospheric oxygen. If more bromine is used, and, in consequence, 
less air is left, union occurs at once and without explosiou, but. 
with production of a peculiar blue flame. 

A pad of magnesium wool, lightly sprinkled with finely divided 
antimony, is fixed to an iron wire aud plunged into a jar of 
chlorine. The spontaneous ignition of the antimony causes the 
magnesium to burst into vigorous combustion, yielding a product 
which covers the whole of the inside of the vessel in the form of a 
snow-white, voluminous powder. H. W. 

Lecture Experiments. Critical Examination of well- 
known Experiments with Metallic Sulphides. R. Wisdeelich 
{^‘dtsch. •physikal. Chem. Unlerr., 1920, 33 , 100 — 103; from 
< 'll fn. Zenfr., 1920, iii, 429). — Strictly speaking, the union 
of iron and sulphur cannot be used as an illustration of the 

25 * 
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law of constant composition or as an obvious illustratios 
of the differences between mixtures and compounds. A mix. 
ture is preferably demonstrated by finely powdered quartz 
and salt; the mixture of flowers of sulphur and iron filings 
affords a simple example of a chemical process which, started at 
one point, proceeds through the whole mass by reason of the great 
heat of reaction. The statement, common in many elementary 
text-books, that hydrogen sulphide does not give a precipitate with 
solutions of ferrous salts is only true when the latter contain 
mineral acid. The proportions of sulphur and oxide of iron 
prescribed for demonstration are not in accordance with the 
amounts calculated from the equation SFe^Oj-tTS > 4 FeS-(- 3 S 0 ;, 
partly because an excess of sulphur must be taken to counterbalance 
that lost by volatilisation, and partly to inhibit the formation ol 
sulphate which occurs in the presence of a deficiency of sulphur. 

H. W. 


Inoigauie Chemistry. 


The Preparation of Chlorine from Hydrochloric Acid or 
Chlorides by means of Nitric Acid, d ulius Baumann (Chm, 
Zeit., 1920 , 44 , 677 ).— The chlorine in chlorides or hydrochloric 
acid can be converted quantitatively into, free chlorine by the 
action of nitric acid of about 52 - 0 % strength, and the whole of the 
nitric acid recovered unchanged when the proper working condi- 
tions are observed. The points to be observed are to charge the 
chloride, for example, sodium chloride, slowly into the boiling acid 
and to use a long dephlegmator, whilst a current of air passes into 
the reacting gases. The following gas reactions involved, namely, 
NOCUHN03=N20,-(-HC1, 2HCUN204 = N203+Cl2 + Hj 0 , and 
K203 + 02-fH20 = 2 HN 0 .„ then have time to complete themselves, 
and chlorine passes over practically free from hydrochloric acid, 
whilst the whole of the nitric acid flows back into the reactimi 
vessel. ® 

Electrolytic Formation of Perchlorate from Chlorate. J 

G-oilfovle Williams (Trans. Faraday Sac., 1920, 15 , 134— 13il. 
—The production of perchlorate by electrcjlysis is consulerably 
improved if a L'gher temperature of the liquid is maintained, and 
the frequent addition of acid improves the efficiency still more. 
During electrolysis, chloride is produced, and there is an 
equilibrium value for each temperature. 'f- 

The Relationship of Iodine and Bromine to Oxygen. 

G. Ghubes (^Zeitsch. physikal. Chem. Unterr., 1920, 33 , 107 . 

from CUm. Zentr., 1920 , iii, 434).— Direct replacement of bronm 
by iodine occurs when the latter acts on an . aqueous solution « 
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poiassiuDi bromate; a similar action is not, observed with bromine 
potassium chlorate. Iodine attacks potassium chlorate in a 
' 35 simple manner than potassium bromate, the change passing 
rough the phases indicated by the equations 2 KCIO 3 + 21 + HjO = 
Hta + KCl + HCIO, KHI,0„ + KCl + HCIO = 2 KIO 3 + HjO + CU, 
id 3Ha0 = HC103 + 2HCl. H. W. 

Preparation ol Thionyl Fluoride and Attempts to Prepare 
arbonyl Fluoride. Wilhelm Steiskopf and Jclius Hebold 
I. pr. Ghem., 1920, [ii], 101 , 79 — 81). — A modified method of 
reparing thionyl fluoride by the interaction of thionyl chloride 
ad arsenic fluoride is described. A brass flask is provided with 
a upright condenser, which is connected by a bent tube to a second 
jndenser cooled with ice-water, which leads to a leaden vessel 
jcled to - 50° to - 60°. The flask is initially cooled by ice and 
jntains the arsenic fluoride, to which the calculated quantity of 
liionyl chloride is gradually added through a dropping funnel; 
he latter is then removed, and the flask is slowly warmed to about 
0 °, when the thionyl fluoride distils into the leaden receiver, whilst 
rsenic fluoride and chloride and thionyl chloride are held back by 
he reflux condenser. The attempts, to prepare carbonyl fluoride 
(ere not completely successful, probably because platinum 
pparatus was not available. The best results were obtained by 
leatiug a mixture of arsenic fluoride and carbonyl chloride in a 
ead-liued iron or brass vessel provided with an upright condenser; 
he process is carried out during several hours on the water-bath 
lith intermittent condensation of the products. Impure carhonijl 
luoride was thus obtained as a readily decomposable substance, 
thick solidified in liquid air and had b. p, about -160° to -150°. 

H. W. 

The Oecompositioa of Persulphuric Acid. Hebmax Palme 
ZeiUch. anorg. Chem., 1920, 112 , 97— 130).— The rate of decom- 
losition of potassium persulphate in solutions of 5'0, 7'53, and 
O.T-sulphuric acid at 50° has been studied. Since the reaction 
iroceeds through the stages, persulphuric acid — >■ Caro’s acid — >■ 
lydrogen peroxide, it was necessary to develop a method for 
stimating these substances when all present in the same solution. 
Idvautage was taken of the fact that Caro’s acid reacts immedi- 
itely with potassium iodide, whilst hydrogen peroxide reacts much 
Bore slowly, and persulphuric acid slowest of all. A sample of 
he solution is mixed with potassium iodide and titrated rapidly 
vith sodium thiosulphate, the time taken being noted, so that a 
orrection can be applied for the small quantity of iodine liberated 
)y the hydrogen peroxide and persulphuric acid. The quantity 
)f Caro’s acid is thus found. A second sample is then treated with 
lotassium iodide and titrated with sodium sulphite, which reduces 
lydrogen peroxide. This second titration gives the sum of Caro’s 
icid and hydrogen peroxide. Finally, the persulphuric acid is 
estimated in a third sample by adding the calculated quantity of 

25»— 2 
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sodium sulphite I o reduce the other, two compounds, and eatim- 
ating the persulphuric acid by thj ferrous sulphater-peroianganate 
method. The dilution for the titrations corresponded witj 
2-0 istams of potassium persulphate per litre, of which 200 cc. 
were Btrated at a time. 

The experiments showed that, within the limits of error, the 
two reactions, HoSjOg + HaSO^ + HjSO, and 112805 + 11 , 0 ^ 

HoOj + HoSOj, can be regarded as unimolecular and irreversible. 
With ‘ increasing concentration of sulphuric acid, both velocity- 
constants increased at a greater rate than the acid concentra- 
tion, but the ratio /'i/Vrs remained constant, 39-8. No relation 
between hydrogen-ion concentration and velocity of reaction could 
be discovered, and the conclusion of "Levi and Migliorini (A., 190] 
ii, 81) that undissociated persulphuric acid, the presence of whitt 
would be favoured by increasing hydrogen-ion concentration, is 1 ® 
stable than its salts, was not confirmed. The experiments were 
not carried far beyond the time after which oxygen begins to be 
evolved, through the reaction H«S.,Oj + n 202 = 2 H 2 SOj'h 02 , but ii 
was shown that, the velocity of this reaction increases oonsiderablv 
with decreasing concentration of acid. Friend's results (T., 1906, 
89 , 1092), which showed that the reaction is unimolecular, cau be 
explained on the assumption that Caro’s acid is first formed from 
persulphuric acid, and then reacts with hydrogen peroxide. Per- 
sulphuric acid probably does not itself react with hydrogen 
peroxide. E. H, E. 

Determination of the Rate of Solution of Atmospheric 
Nitrogen and Oxygen by Water. III. W . £, Adenet and 

H. G. Beckee {Sci. Pror. Poij. Dublin t>oc., 1920, 16 [K.S.j, 
143— 152).— A continuation of experiments previously reported 
' (see A., 1919, ii, 104, 510). The rate of solution of air in quiesceot 
water under laboratory conditions wa.s determined.^ The result 
show that the process of solution under these conditions oonsist 
in solution at the surface with slow mixing in the body of tb 
liquid. The results are represented by a formula, dwjdt=-a-h 
where a' — total quantity of gas in solution at any moment, f.=tiiTE. 
and a and h are constants depending on the size of the apparaUt 
The water was contained in vertical tubes exposed to air. Itt 
rate of solution depends on the humidity of the air, being greater 
with dry than with moist air. J- ^ 

Very High Tressures and the Synthesis of Ammonia. 

Georges Ceaude (Bull. Soc. chim., 1920, [iv], 27, 705 
lecture delivered before the French Chemical Society and the 
Society for the Encouragement of National Industry. W. G. 

Practionatioa of Nitric Acid. Julius Baumann (Chm. ifcif 
1920 44, 678). — Experiments on the fractionation of nitric aci 
were’ made, using a litre flask fitted with a dephlegmator 200 cm. 
long, inclined at 45 ®, with a jacket for heating it to any desire 
temperature. A mixture of 250 c.e. of water and 250 c.C' 
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nitric acid (D 69’8%, the constant boiling mixture) was dis- 
tilled with the dephlegmator heated at 100°, and there were 
obtained 250 o.c. of distillate, containing only 0 02% HNOj, and 
250 C O. of residual nitric acid, 69 5% in strength. Practically com- 
plete separation was therefore obtained. In another experiment, 
500 c.c. of 91-5% HNOj were distilled with the dephlegmator 
heated at 86°, the boiling point of pure nitric acid. There were 
obtained in the distillation flask 140 c.c. of 70'1% HNOj, and in 
the receiver .950 c.c. of 100'5% HNOj. Thus a practically com- 
plete separation into pure nitric acid and the constant boiling 
mixture, b. p. 123°, was obtained. E. H. R. 


Redaction of Nitrites and Nitrates. Oscar Baudisoh and 
pAUi. Maver (Biochem. ZeiUch., 1920, 107, 1 — 42). — Nitrites are 
reduced quantitatively by excess of ferrous hydroxide in neutral 
and alkaline solution. In boiling solutions made alkaline with 
carbonates, nitrous oxide and ammonia are chiefly formed. In 
boiling alkali hydroxide solution, the nitrite is quantitatively 
reduced to ammonia. Alkali nitrates are reduced quantitatively 
by ferrous hydroxide in neutral solution and in alkaline solution 
containing 28% of sodium hydroxide. Starting with neutrality, 
the amount of nitrate reduced diminishes until the alkali content 
is 6'5% of sodium hydroxide, when a minimum is reached ; beyond 
that limit, the amount reduced increases with the increase of alkali 
until the maximum is reached at the concentration of 28% of 
sodium hydroxide. Up to a concentration of 6-, 5% of sodium 
hydro.xide, oxygen is necessary for the reduction. With higher 
alkali concentrations, reduction also takes place in the absence of 
oxygen. At an alkali concentration of 6'5% of sodium hydroxide,', 
the amount of nitrate reduced is proportional to the amount of 
nitrate present in solution, and is in a condition of adsorption by 
the ferrous hydroxide. The above observations are utilised for the 
estimation of nitrites and nitrates separately and when together. 

S. S. Z. 

Eqoilihriam of the Four-component System : Na^SO,, 
NaHCOj, (NH4)2S0„ NH’HCOj and HjO. Ktoscke Nishizawa 
'J. Chem. Ind. Tokyo, 1920. 23, 25 — 43). — To study the best cou- 
lition for the manufacture of ammonium sulphate by the ammonia- 
ioda process from sodium sulphate, detailed studies were made of 
he equilibrium of a system consisting of these four components. 
Irst 2-component, then 3-coinponent, and finally 4-component 
systems being determined. Ammonium hydrogen carbonate was 
prepared for each experiment. The concentration of the sodium 
iulphate and the ammonium sulphate was determined by the 
barium chloride and the Kjeldahl methods, respectively, and that 
jf both bicarbonates by titration, using methyl-orange as indicator. 
The results are tabulated in sixteen tables and two curves. The 
results obtained from invariant systems are as follows: 
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Solid Phases. 

Na,SO„10H.O 

(NH,).SO. 

NH.HCO, 

NaHCO, 

irajSO„10HiO : NaHCO, . 
Na,SO„10H,O: . 

Na,S0„(NH,)5S0..4H.0 
Na jSO„(NH,) ,SO„4H.O'; 

(NH,),so, : 

(NH,),SO, ; NH.HCO, .... 

NaHCO,; NHiHCO, 

Na,SO„10H,O; NaHCO,; 

Na,SO„(NH,),SO„4H,0 
NaHCO, ; NH.HCO, ; 

Na,SO„(NH,),SO,.4H,0 
NH.HCO,; (NH,),S0, ;■ 
Na,SO„(NH,),SO,,4H.O 


Composition of the solution in gram.mni * 
1000 gram-mol. HjO. ‘ ^ 


NasSOf. 

16'6] 

(NH,)8S04. 

NH 4 HCO,. 

Nai^, 


10-05 



' 

— 

“ 

42-52 



1418 

- 


l8-5:i 

12-;.; 

.11-54 

4.7-14 

__ 


13-74 

04-86 



— 

06-40 

14-91 


— 

— 

38-92 

lii!) 

26-22 

4S-S6 


12-84 

12-46 

67-08 

— 

20-9(1 

C-70 

07-99 

— 

U'Se 


Chemical Abstk^^tj 


Coesium Bromate. C. R. McCbosky and Haeoid T) Bern 
(./. Amer. Chem. Soc., 1920, 42, 1786-1789).— Tho preparatb 
of c*sium bromate is probably best carried out in acid solution 
Casium bromate is a definite crystalline salt without wsIct oi 
crystallisation. Occluded water causes decrepitation. Its cell- 
ing point (not yet determined) is above that of potassium broinatt. 
After fusion, the salt soon decomposes, evolving a large amount ol 
oxygen and leaving a bromide. The solubility of the salt is 4o,l 
grams in 100 grams of water at 30°. J R p " 


» A New Ruiidium (CaBsimn)-Silver-Gold Compound atd 
Its Application to the Microchemical Detection oi Gold 
Silver, Rubidium, and CEesium. Erich Batbr {Monalik, 
1920, 41 , 223 — 241. Compare Emich, A., 1919, h, 17l)_ 
Characteristic crystalline precipitates are formed when solution, 
of rubidium or cassium chloride are mixed with gold and silm 
solutions; rubidium-silver— gold chloride forms blood-red prism, 
and platelets, whilst the csesium compound crystallises in opaijif 
cubes and stars. The composition of the compounds correspomis 
with the formula Ag,Au2_.,i,CI„,3RbC! and Ag^Au, .*;,,CIe,3CsCl 
(where 0^a:,<6), in which gold and silver are mutually replact 
able components. For rubidium, silver, and gold, the atomic pro- 
portions observfj are in the ratio 3 : 0'81 --1-04 : VS- 1-4, ivliilsi 
for the caesium compound the corresponding ratio is 3:0'4- 
ri8 : rS2— 1'64. The limiting compounds, Ag^CsCl, and Au,C%Cl,, 
do not appear to have been prepared, but Marsh and Rhymes (T,. 
1913, 103 , 782) have examined the analogous substances, Ag.CsI; 
and AgjRblj. 

The crystals are adapted to the microchemical identification oi 
gold, silver, rubidium, and csesium, the smallest quantities 
recognisable in this manner being (IT, O'Ol, O'l. and Oi 
microgram respectively. H. IV 
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A New Rubidium (Ca8imxi)-SilTer-Gold CAmponnd and 
its Application to the .Microchemical Detection of Gold, 
Silver, Rubidium and Caesium. Fbiidbich Emich {Momtsh., 
1920, 41 , 243 — 252. Compare Bayer, preceding abstract; Emich, 
A. 1919, ii, 171)- — A theoretical paper in which ideas are 
developed baaed on Bayer’s observation that univalent silver and 
tervalent gold are mutually replaceable in the rubidium (caesium)- 
silver-gold chlorides. 

It is suggested that elements in general have a far greater 
power of mutual replaceability than has previously been assumed, 
Ld that this is frequently the cause of the great difficulty experi- 
enced in isolating absolutely pure substances. Elements in 
general may be classified as (1) isotopic elements, the separation 
of which is impossible by precipitation or crystallisation; (2) iso- 
luorphous elements, which can only be incompletely separated; 
and (3) readily separable elements. The most general conception 
of the union of two substances is obtained by regarding it as con- 
trolled by the two factors, affinity in the narrower sense, due to 
the^ttraction of the atoms or molecules caused by harmonic vibra- 
tion and cohesive forces in the sense of the entropy rule. Both 
influences are, in general, operative, but the first predominates in 
chemical compounds, the second in isomorphous and isotopic 
mixtures. Between the limiting cases, which are generally well 
defined, because the controlling factors are usually of a widely 
difiering order of magnitude, there are a number of transition 
examples, such as the rubidium-gold-silver compounds. It should 
be noted that this hypothesis involves the consideration of the 
laws of constant and multiple proportions, like the gas laws, as 
only approximately accurate. 

Bayer’s compounds are discussed at length, and it is pointed opt 
that the limiting compounds, RbCl,2AgCl and 3RhCl,2AuCls, are 
not known, and that the stability of the molecule is increased by 
the entrance of a third component, and that the heavier csesium 
has a more marked effect than the lighter rubidium. Re- 
examination of the triple nitrites has proved that there is a 
greater tendency towards mutual replacement among the bivalent 
than among the univalent elements, but the phenomena are not 
so well defined as with Bayer's salts. 

Contrary to the previous observation (Emich, Joe. cif.), it is 
now found that the place of rubidium cannot be taken by 
potassium In the triple chloride, and the value of the method for 
the microchemical detection of caesium and rubidium is thereby 
greatly enhanced. H- 

Ammonium Silicate. IV. The Ageinjr and Trans- 
formation of Silicic Acid Gel and the Course of the 
Solution of Silicic Acid in Ammonia. Robert Schwarz and 
Otto Liede {Ber., 1920, 53 . ffl], 1509—1518. Compare this vol., 
ii, 175; A., 1917, ii, 31; 1919, ii. 283).— The authors have 
eitamin^ the behaviour of silica gel when slowly dried at the 
ordinary temperature and are led to the conclusion that the age- 
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ing process ooftsists in the condensation of (8iO»)* to (SiOo).,^, aaj 
that this occurs without any change in the appearance of "tfie g^l 
further changes in the system SiOj-HoO then occur, leading to 
the formation of (SiOo)^, which is indicated by the incipient 
formation of cloudy particles in the colourless, transparent mjjs 
Precisely similar phenomena are observed when the gel ij 
dehydrated by being heated, but, for some unexplained reasons a 
much greater loss of water appears to be necessary in this case 
before the end-point is reached. 

The solubility of silicic acid in ammonia has been e.xamiued in 
a modified manner, since it has been found that the older measure 
ments, in which glatss vessels were used, are very greatly influenced 
by the alkali from the glass. The hydrated silica and ammonia 
are mixed in the quartz vessel which serves for the measurement 
of the electrical conductivity. After definite intervals, portions 
of the solution are filtered through paper, which retains suspended 
silica, and the filtrates are passed through an ultra-filter to retain 
colloidal particles. The silica retained by the paper and that in 
the final filtrate are estimated. It is found that equilibrium is 
attained after about seventy-two hours at 18°, and that the solu- 
tion contains 64% of the silica in true solution, 8% in colloidal 
solution, and 28% undissolved. The conductivity and sohihilitT 
curves show that the amount of dissolved silica increases cluiiiij 
the whole course of the experiment, whilst the colloidal silica 
gradually diminishes in quantity. The former therefore grows ai 
the expense of the latter, and it a]>pears justifiable to concliide 
that the formation of the colloidal solution is the primary procass 
which is followed by the production of the molecular solution, 

H. W. 

Solubility of Calcium Carbonate. Yukichi Osaka {J. Toiije 

ahem. Soc., 1920, 41, 453 — 468).— On the assumption that only a 
small part of the carbon dioxide dissolved in water is combined will 
the water, and that consequently carbonic acid is a much stronger 
acid than acetic acid, the author has recalculated the solubility 
product of calcium carbonate from the data of McCoy and Sinitl 
on the solubility of calcium carbonate under different carbon 
dioxide pressures, using K =3-50 x 10"', A’.>=4'91 x 10”", and has 
obtained the value 7’24 x 10-°. The number of gram-molecules 
of calcium carbonate dissolved by 1 litre of water (C) under any 
known carbon dioxide pressure (P) is given by the formula 
C'=[Ca”]-l-(l-e/),-2v[HCO,'], 

where Ca" = (5-24 x lO"" -i- 2-49 x 10-‘2pi 2-97 x 10-^’!)) 

(2-91x10-°/’) and HC 03 ' = (2-61 x 10-'/’)/(7-24 x 10-»-tl i2x 
iO-^P*), and y=the degree of dis.>)Ociation of calcium acetale 
having the same concentration of acetale ion as the bicarboualf 
ion. Chemical Absteacts. 


Monoclinic Double Selenates of the Copper Group. 

A. E. IT. Tutton (Prof, ffoy, Soc., 1920, [d], 98, 67 -- 95 ).-Tlic 
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four double selenatee of tbe aeries R2M(Se04)2,6H80, in which M 
is copper and R is potassium, rubidium, caesium, or ammonium, 
have been examined crystallographically. They form a group in 
the extensive series of isomorphous monoolinio double sulphates 
and selenates which have been examined by the author, and the 
four salts exhibit the same relationships one to another as in 
similar groups of potassium, rubidium, caesium, and ammonium 
salts. As was found in the case of the double sulphates, so in the 
double selenates, the constants, both physical and morphological, 
of the salts of the copper group differ considerably in their absolute 
values from those of the magnesium, zinc, iron, nickel, and cobalt 
groups (A., 1919, ii, 346). 

° The salts all crystallise in tbe holohedral-prismatic class of the 
inpnoclinic system. Potassium copper selenate, K 2 Cu(Se 04 ) 2 , 6 H 20 , 
«;i;c=0-7508:l:0'5143, 0 = 1O3°25', 2-539. Rubidium 

copper selenate, Rb2Cu(Se0^)2,6H20, o : 5 : c = 0-7495 ; 1 -.0-5066. 
d=104‘’44', Df 2-839. Caesium copper selenate, 
Cs2Cu(SeO,)2,6H20, 

=0-7398 : 1 :0-4981, j§ = 105°42^D'f 3-073. Ammonium coppei- 
selenate, (NH,),,Cu(Se0,),„6H,0, «:5;(' = 0-7476tl :0-5150, |8=- 
106°30', DT 2-223. 

The optical constants of the ciystals were determined, and for 
each salt the axial ratios of the. optical indicat rix and the moleculav 
vefraction and dispersion were calculated. E. H, R. 

Comparative Study of the Decomposition of a Dissoci- 
able Mercurous Chloride obtained from Mercuric Chloride 
and of the Ordinary Form. Ga.ubier (Ann. malad, i-ener., 15, 
-J8— 31 ; from Chem. Zcntr., 1920, iii, 331).— Duret’s observations 
(A., 1919, ii, 232) are confirmed, and, by variation of the pre- 
cipitating and reducing agent, it has been found possible to secure 
a more voluminous and still more readily dissociable preparation 
which is quite free from mercuric chloride. The separation of 
tree mercui-y has been estimated coloriraetrically. The prepar- 
ation gives 2-0 times at 15°, 2-4 times at 30°, 2-66 times at 60°. 
and Po times at 100° as much mercury as does ordinary calomel, 
and the equilibrium between eliminated mercury and the 
imchaiiged molecule is very rapidly attained. H. \V. 

Inflammation of a Mixture of Aluminium and Sodium 
Peroxide by means of Water. Otto Ohmann (Ber., 1920, 
53, [fl], 1427 — 1429).- An intimate mixture of finely divided 
aluminium (1 gram) and sodium peroxide (4-3 grams) is readily 
inflamed with slight explosion by tbe addition of a few drops of 
water. The experiment is best adapted to lecture purposes by 
sprinkling’s small quantity of the powder on the surface of water, 
when it forms a thin skin without becoming inflamed; subsequent 
addition of more powder is then accompanied by inflammation. 
The suitability of the specimen of sodium peroxide should be 
ascertained, as its quality is liable to considerable variation. 

H. yj. 

26 ** 
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The Oxidising 'Properties of Sulphur Dioxide. X, 
Chlorides. William Wasdlavt, and Feakois Heebebt Clswb 
(T.. 1920, 117, 1093—1103). 

The Oxidising Properties of Sulphur Dioxide. II. Iron 
Phosphates. William Waedlaw, Sidney Raymond Caetek, and 
Feancis Herbeet Clews (T., 1920, 117, 1241 — 1247). 

Oxydase-like Action of Some Complex Salts of Metals. 

Yuji Shibata and Keita Shibata (J. tokyn Chem. Son., 1920, 41, 
35 — 53. Compare Colin and Lieviu, A., 1919, i, 430), — Using a 
D OOUlZ-alcoholic solntion of myricetin to indicate the oxydase-like 
action, the authors have examined about fifty complex salts of 
cobalt, nickel, copper, zinc, cadminui, chromium, and iron, and find 
that the most reactive salts are those containing strong acid radicles 
or metals which give unstable complex ions in aqueous solution; 
for example, 1 : 6 -dichlorot^ramminecobalt chloride (in OOOUf 
solution) produces a bright red or purple coloration mstantly, 
pentamminecupric sulphate less markedly, dichloroethylenediamine 
chromium chloride vei'y feebly, and potassium ferro- or fern 
cyanide not at all. 

The four factors which operate against the oxydase-like action 
are (1) hydrogen ions, (2) inactive complex salts, (3) hydroxylamine, 
mercuric chloride, and a few other substances, (4) heating at 
80 — 90°. Valency plays no part, the reaction depending wholly on 
the instability of the salts in water. 

The application of these active complex salts to lacquers hastoni 
drying to a marked degree. Chemical Abstsacts. 

‘ Salts of Stannic and Plumbic Acids. Hans Zochb 
{Zeitseh. anorg. Chem., 1920, 112, 1 — 66 ). — A study of stannate 
and pluiiibafe.s was undertaken with the object of elucidating til 
so-called semi-colloidal state, with a critical discussion of which tie 
paper opens. The methods for preparing and analysing alkal 
stannates are described. Sodium stannate crystallises from sodiu® 
hydroxide solutions at ordinary temperatures as the trihydrate, 
Na;Sn(OH) 5 ; it is practically insoluble in 7'O.V-sodium hydrosidt 
When precipitated by sodium hydroxide at 0° or by alcohol at 0 ”, 
or ordinary temperatures, it forms the tetrahydrate, 
Na,Sn(OH)c,a,0. 

The solubilities ^'.the two hydrates were determined between -5' 
and 50° ; that of the trihydrate, the less soluble salt, which may'le 
regarded as an “ anhydride,” diminishes with increasing tempera- 
ture, whilst that of the tetrahydrate increases. The transition point 
was difficult to determine by the dilatometric method, but from 
the solubility curves appears to be dose to —5°. The trihydrate 
forms a eutectic with water at —11°, the tetrahydrate at -7°- 1“ 
addition, a third hydrate, approximating to Na 2 Sn(OH)„ 18 H 50 , 
was discovered, which has a transition point to the “ anhydride ” at 
1°. The hydrolysis of sodium stannate in aqueous solutions was 



INOKGAWC CBSMISTRY. 


ii. 693 


studied 6y lueaus of potential meauureineQts. In uormal solutiona 
tie hydrolysis is about 27%, and appears to be complete at a dilu- 
tion of 1 /SOOOiV . In normal solutions of the stannate the extent of 
hydrolysis gradudly increases with time. This phenomenon is dis- 
nissed in connexion withjgimilar observations in the case of other 
colloidal solutions and of solutions of tin tetrachloride. There is no 
evidence of adsorption of alkali by sodium stannate under any 

conditions. 

Lithium stannate forms an - anhydride,” Li2Sn(0H)j, isomor- 
phous with the sodium salt, and also a dihydrate of this salt, 
LLSn{OHV, ,21100 The solubilities of both salts were determined 
between 28° and 80°. The two curves are approximately parallel, 
the solubilities increasing with the temperature; the transition 
point could not be found, but is probably below 100°. Potassium 
stannate forms an “ anhydride,” K,Sn(OH) 5 , and also a mono- and 
di-hydrate of this salt. The solubilities are greater than those of 
the sodium and lithium salts. 

In the course of a long discussion on the chemistry of stannic 
oxide from the colloidal point of view, the following points are 
elucidated. The low crystallisation velocity of the oxide, resulting 
from its slight solubility, facilitates its assumption of the colloidal 
state. The “ ageing ” of the colloid is accelerated or retarded by 
various influences, particularly by accompanying salts in solution. 
Coagulation, that is, the coalescence of the bounding surfaces of 
the colloidal particles in solution, is retarded by the electrostatic 
charge on the particles. 

The work was also extended to the plumbates. Sodium plumbate 
was prepared by dissolving freshly precipitated lead peroxide, in 
imall quantities at a time, in boiling concentrated (8— sodium 
hydroxide solution. The salt is very sparingly soluble in this solu- 
:ion, and separates in crystals which appear to be isomorpbous with 
lodium stannate. Although the analyses of the crystals always 
ihowed excess of Na^O, their composition is takeir to be 
Va^PbfOHlfi. Lithium plumbate was -also prepared, and appeared, 
rom its crj'staliine form, to be isomorpbous with the sodium salt, 
The properties of plumbic add are rltsoussed from the colloidal 
loirrt of view. E. H. E. 

Antimony Pentasnlpbide (Salpbnr auratnm). P. Kisohhofs 
Ztdsch. amrg. Chem., 1920, 112, 67— 80).— The ordinary golden 
rrtimony sulphide is described in the literature as corrsisting of a 
uxture of pentasulphide and trisulphide, with more or less free 
niphur. The purest form of the substarrce contains about 8% of 
ulpnur which be extracted with carbon disulphide or acetone, 

e residue having a composition corresponding with the formula 
This form is obtained by the action of dilute acids on 
“lippes salt, according to the equation 2Na5SbS4 -t 6HC1 -> 
r-tS-teNaCl + SHoS. It Is shown in the present paper that 
U baa no existence, but that golden antimony 

JiptuUe u a mixture of SbjS, with from 0 to 50% Sb^ and a vaiy- 

26**— 2 
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ing amount Ol free aulphur, according to the method of prepata 
tidu; The compound has been prepared in a pure state froj, 
zino thioautimonate. The latter salt. ^n^Sb^Sg, was prepared by 
the interaction of Schlippe’s salt and zinc chloride. It formed z 
chrome-yellow precipitate, which when ^ried and groimd had a 
bright orange-red colour. The crude substance contained about 
6 - 7 % of extractable sulphur, and after removal of this, its coj. 
position corresponded exactly with the above formula. The zinc 
thioantinionate is decomposed by dilute acids according to tbe 
equation 2 n 3 Sb.,Sg + 6H01 — ^ SbgS^ + SZnClgd- HgSg-t 2HoS. Ana- 
lysis of the orange-red residue from this reaction showed it to hav; 
the composition Sh 2 S 4 , the same as that of the pure extracted 
orange form of golden antimony sulphide. 

The sulphide SKSj is to be regarded as a special case of eon. 
pounds of the type M^^CSbS,),,, in which il becomes Sb and .7=,,, 
The structural formula suggested for the compound is 


Sb— S -Nsb. For the corresponding sodium salt (Schlippe's salti 

\„s_/ 


Na — S — S\ 

, Vo — « — >S 


the structure becomes Ka — S ySb, and a corresponding foTmuh 

Na-S— / 

is suggested for tbe zinc salt. The colour of the compound ShS, 
and of the thioantimonates of the heavy metals is attributed to tti« 
presence of closed ring systems in the structure of these compouDdi 
The sodium salt, in which there is no closed nng, is colourless. Tin 

red antimony trisulphide probably has the structure Sb^SySb. 


E. H. E, 


Revision of the Atomic Weight of Bismuth. Analysii 
of Bismuth Chloride. 0. H6nig.scbmid and L, Bmexma 
(Zeitsch. FJektrochem., 1920.-26, 403-408).--See this vol., 11 , 5« 


The Binary System Lead-Bismuth. W. Behold [Ztm. 
amrg. Chem., 1920, 112, 131-154).-The limits of the eatcctic 
range in the lead-bismuth alloys have been detemined by diSereiit 
observers, generally by thermal methods, with divergent imfe 
These limits have now been investigated by studying the electxi 
conductivity and hardness of the alloys and their microscopic sttw 
ture. Special precautions were taken to obtain uniform 
by careful annealing. The conductivity exper^enta, '*'* 

inade at 123° and 0 °, indicated for the limit . 

bismuth in lead, 17-.5 to 18-5% Bi, and for the so.lubility of W a 
bismuth, 1'6% Pb. The interpretation of the 
experimenU was uncertain owing to the influence of the tree 
which any particular sample had undergone on its ^ 5 

hardness-composition curve had a wave-form with an 1 
corresponding approximatdy with the eutectic point. 
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ne 69 of tie eutectic does not appear to derive additively from that 
of the two series of mixed ci^stais. The curve indicates the mixed 
crystal limit on the lead side at about 17 — 18% Bi. The microscopic 
atperiments showed that a sample containing 40% Bi contained no 
trace of eutectic after annealing eight hours at 124°. Alloys with 
more than 40% Bi showed eutectic after thirty hours at 40°. It is 
concluded that the two limits for the eutectic are 40% Bi and 
0-2-0-5% Pb. E. H. B. 

Normal Bismuth Tungstate and Molybdate ; their 
Relations to the Corresponding Lead Compounds. 

f Zambonini (O/uzetia, 1920, 50, ii, 128 — 146). — The author has 
prepared and examined, especially crystallographically, normal 
bismuth tungstate and molybdate, and has subjected the two sys- 
tems, PbWO^-BioCWO,), and PbMoO.,-Bi,(MoOj) 3 , to thermal 
analysis- 

Normal bismuth tungstate, Bi. 2 (W 04 ) 3 , is dimorphous, and crys- 
tallises in ( 1 ) the monoclinie system, «:f) :c = l'006 ; 1 ;1;620, 6 = 
90°34', ( 2 ) the tetragonal system, a:i!±<l :l’.o 66 . 

The latter phase corresponds perfectly fifith the tetr^onal phase 
both of the normal molybdates and tungstates of the elements of 
the yttrium and cerium group, as well as of those of the isomoi’ijhu- 
genic elements of the calcium-strontium-barium-lead group, the 
value of « ; c iu these compounds varying from 1 : 1’542 to 1 : T623. 
The moiiocliiiie form is distinctly pseudo-tetragonal, the axial ratios 
(liffeviug but little from 1 : 1 ; l'o 66 and the value of 6 but little 
from 90°. This monoclinie form exhibits undeniable crystallo- 
graphic resemblances to respite, the monoclinie fonn of lead 
tungstate, but the tetragonal bismuth tungstate shows far closer 
re.«emblances to stolaile, the tetrajonal form of lead tungstate. 

Normal bismuth molybdate, Bi.,(MoOj),„ was obtained only in the 
tetragonal form, a:c = l : 1'5636, DJi 6'07, the crystallographic con- 
stants and the molecular volume difiering little from those of the 
molybdates of the cerium metals and of lead. 

Monoclinie bismuth tungstate has ra. p. 832°, tetragonal bismuth 
molybdate-, m. p. 643°, an<i lead tungstate and molybdate, m. p. 
1130° and 1065° respectively. For the system Bi-i(W 04 )s — PbWO, 
the melting-point diagram has the form characteristic for binary 
mixtures, either forming no solid solutions or exhibiting extremely 
limited mutual solubility in the solid state. The crystallisation 
curve first falls rapidly from 1130° to a eutectic point at about 8 t,S° 
corresponding wdth about 73 mol. % of Bi.i(WOi)... and then rises 
directly to 832°. The system PbMoOj - shows quite 

similar behaviour, the crystallisation curve descending rapidly from 
1063° to a e-utcctic at about 615°. corresponding with about 7r5 
raol, % of Bi„(MoO,),. and then rises directly to 643°. With both 
systems the form of the curve of eutectic arrests indicates that the 
eutectic disappears oompletelv only in the pure com])oiients. 

T. H. P. 
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Mineralogical Chemistry. 


Zinc-blende in the Basalt oi Biihl, near CEisseL W Pn 

(Centr. Min., 1920, 273 — 285). — Black zinc-blende intimately 
ciated with quartz, and sometimes pyrrhotite or pyrites, 
enclosures in the basalt. Analyses show it to be of the marm tf 
variety with FeS:ZnS = l:4 and 1:3 in the two analyses lesn'^ 
lively : 

Fe. Ifn. Zn. Cd. S. Gangoe. Total. So 

1 . 12-28 trace 52-02 — 32-08 3-62 99-90 

II. 19*50 trace 48*08 trace 31*79 0*98 100*35 4^32 

The presence of the mineral is attributed to the basalt breakis 
through a mineral-vein and enveloping fragments of the same p 
is supposed that the original pyrites was largely dissociated to 
ferrous sulphide, which was partly absorbed by the zinc sulphidt 
the remainder being represented by the pyrrhotite. L. J, s 

Ultrabasite, a Jfew Mineral from Freiberg, Saxon* 

V. Rosickv and .J. Sterba-Bohm (Zcitiich. Krysi. Min., 1920 55 
430 — 439; Rozpr. Cfski Akad., 1916, 25, No. 45). — The blats 
crystals with metallic lustre and black streak are orthorhombic 
(!m 5 :c = 0'988; 1 : 1'462) with a tetragonal habit. H 5, D 6'02(i 
They are associated with quartz, rhodochrosite, galena, and pront 
tite on gneiss. Analysis gave; 

Sb. Ag. Pb. Cu. Fe. Ge. S. Totol. 

4-60 22-35 .)4-10 0-47 0-25 2-20 16-15 100-18 

agreeing with the ultrabasic formula Sb^Ag 22 Pb 5 ,GcsS 38 . The Suely 
powdered mineral is slowly decomposed by digestion with hydn’e 
chloric or nitric arid, with separation of some sulphur. It i- 
readily decomposed by fusion with alkali carbonates and nitrate, 
and the solution gives with the Marsh test a characteristic german 
ium mirror. Germanium was also detected in cylindrite from 
Bolma by this method. A rough separation of germanium and 
antimony was effected by carefully acidifying with dilute sulphuric 
acid the solution of the sulphides in sodium sulphide, the bulk oi 
the germanium remaining in solution whilst antimony 
precipitated. j, j, g 

Minerals from Tsumeb, S.W. Africa. 0. Pofahd {Genii. 
Min., 1920, 289 — 2''6). — Zinciferous tennantite, occurring eitb' 
alone (anal. I, D 4'61) or intimately associated with galena (II), is 
massive, with black colour and greenish lustre and a dark cherry-red 
streak. 



S. 

As. 

Sb. 

Cu. 

Zn. 

Pb. 

T. 

23*35 

17*94 

4*66 

43*60 

9*24 

0*22 

TT. 

22*0.’) 

'19*65 

4*03 

43*19. 

9*27 

0-08 



Fe. 


All. 

SiO;. 

Total. 


T. 

0*03 

0*11 

0-01 

0-97J 

100*13 


n. 

0'17 

•n.d. 

n.d. 

0-81 

99*85 
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cxxrura in the secondary zone as compact masses and as 
almost colourlMs, prismatic cryitais (anal. Ill); it is frequently 
altered to bayldonite. Motfcramit© is abundant as compact or oellU' 
lar mass® with sometimes a reniform (IV) or botryoidal (V) sur- 
face. It is dark olive-green, with a pale yellow streak, and is readily 
soluble in hot dilute hydrochloric acid with evolution of chlorine. 
Full details of the method of analysis are given; the results agree 
rith 4(Cn,Pb)0,Vj05,2H20, in which Cu:Pb=l:l. Cuprodes- 
cloizite as crusts of small, dark olive-green crystals showing pyra- 
midal points gave VI, corresponding with 4(Cu,Pb)0,V205,H20, in 
which PbO : (CuO -f- ZnO) = 1 : 1 . A new lead copper arsenate, 
earned duftite, forms pale olive-green crusts of small, indistinct 
rtystals (resembling olivenite in form) on crystals of azurite. It is 
soluble in hot dilute hydrochloric acid. Anal. VIT corresponds with 
iPb3(As04)n,Cu3(As04)j,4Cu(OH)2. The mineral contains no trace 
of chlorine or phosphoric acid, and consequently it has probably 
not been derived from mimetite, although it is sometimes associated 
with remains of this. 

PbO. CuO. ZnO. MnO. VjO,. ASjO;. SiOj. H.O. Total. Sp. gr. 

III. 67'31 trace _ _ _ 23-12 — — 99-76* 6-9S 

IV. .54-70 18-7,5 0 1 9 trace 21-05 1-2.5 0-28 3-93 100-15 ,5-93 

V. .)3-33 19-50 0-16 trace 19-20 3-04 0-70 3-92 99-85 ,5-90 

VI. 54-90 16-27 3-31 trace 21-69 1-36 0-07 2-33 100-13t 6-19 

VII. 30-10 19-32 0-46 — — 26-01 0-44 2-73 99-81* 6 19 

• Inch PbCI, 9-33 (Cl 1-38). t Also Fe,0, trace. .t Tncl. CaO 0-75 

L. J. S. 

Phosphatfr^bearing Pegmatites from Bavaria. H. Laubmasx 
and H. Steinmetz {Zeitsch. Krijst. Min., 1920, 55, ,523—586).— 
Phosphatebearing pegmatites, similar to those near Limoges in 
France and Branchville in Connecticut, are described from five 
localities in Bavaria. The anhydrous phosphate minerals, fluornian- 
ganapatite, triplite, triphylite, and triploidite, are present as 
original constituents of the pegmatite, and by their alteration by 
thermal waters they have given rise to a great variety of well- 
cryatallised hydrated phosphate minerals. The latter include the 
iron (ferrous and ferric) phosphates, dufrenite, beraunite, strengite, 
phosphosiderite, cacoxenite, and vivianite; manganiferous phos- 
phates containing also iron and alkaline earths, such as fairiieldite, 
phosphophyllite, phosphoferritc, xanthoxenite, and kreiizbergite : 
rarely manganese ferrous phosphates of the heterosite-purpuritc 
senes; simple manganese phosphates are here, however, absent. 
Analyses are given of the following : T, altered triplite from Plbss- 
berg; the fresh material contains PjO,, 34T3%. II, triplite from 
Pleystein. Ill, triplite from Hagendorf. IV, triphylite from 
Hagendorf. V, strengite as good violet-blue crystals (a:b:c = 

■ 8663:1 :0'9776) from Pleystein; formula Fes03,P,0-„8H,0. VI, 
pmsphosiderite as almond - blossom - red crystals (a : h c = 
0456:1:0-8905) from Pleystein; formula Fe;05,P!,0;,7H,;0. 
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VII, phogphophyllite, a neiw species, forming colourless or pale ki 
monoclidic crystals (b-6:c= 1’0381 :1 ;l-7437, i3=89°32') 



PjOfi. 

Fe,Oj. 

FeO. 

MnO. 

LijO. 

F. 

lllBol. 

H.O. 

Total, 

I. 

19-73 

— 

41-60 

31 03 

— 

6-28 

1-03 

.. 

II. 

33'14 

— 

33-51 

25-42 

— 

6-77 

0-4G 



III. 

31-89 

— 

35-50 

28-66 

— 

7-29 

0-83 




IV. 

44-43 

— 

35-06 

11-40 

8-59 

— . 

0-60 



V. 

38-24 

43-40 

— 

— 

— 

— 

— 

18-89 

100-o‘{ 

VI. 

37-71 

44-38 

— 

-- 

— 


— 

17'31 

99-411 


perfect micaceous cleavage, l> 3'081, from Hageudorf ■ fona, i 
Po 05 , 2 . 1 R'' 0 , 4 K ,0 + jS 04 A 1 - 0 Hh 3HnO or ' * 

SRjRjOa + SAlOH-SOj + 9 H 2 O. 

VIII, phosphoferrite, a new species, from Hageudorf, occurriug as 
cloudy-white or greenish, crystalline masses with greasy lustre 


PjO;. SO 3 . AljOj. FcO. CaO. MgO. KjO. 
VII. 25-8.5 9-17 6-12 13-65 5-12 12-04 8-50 

Fill, 33-10 0-75 0-61. -10-35 5-30 6-20 0-55 


Ign. Insol. Total. 
13-17 3-66 fig.fiji* 
1-67 1-94 


' Including BaO 0-91. t -^Iso MnO 2-46, Na.O 0-25, SiOj 1-03. 


D 3156. Formula. HjPO„3POa,44R" or H(;Rj"(POj)j. T],( 
primary apatite contains P^Oj 42-61, MnO 4’93, and no chlo.-ine 
and is therefore described as fluormanganapatitc. Kreuzhergite j 
new species from the Kreuzberg at Pleystein, forms small, colour- 
less to pale yellow, orthorhombic crystals (o;t :c = 0’3938;]- 
0-5261), D 2'139, and consists essentially of hydrated aluminium 
phosphate with some iron, calcium, and manganese. Xanthoxe.nitr. 
a new species from Rabenstein, occurring as small, wax-yellow! 
monoclinic crystals, D 2-844. intimately associated with dufreuitf 
and cacoxenite; it is a basic ferric phosphate (P 2 O 5 , 32-61 ; loss 011 
ignition, 16-10%) with some manganese and calcium. L. J. S. 


Pickeringite from Op&lb&nya, Hungary. Viktor Zsivm 
{Zeitsch. Krpgf. 1920, 55 , 629— 631).- -Yellowish-white, 

fibrous material with silkv lustre gave (also traces of MnO M 
PjO,) ; ' ^ 

SO3. .AljO.,. FcjOj. ,MgO. CaO. FeO. H., 0 . Total. 

36-62 0-52 4-04 J-06 0-70 0-23 4.5-42 lOO-.i# 

agreeing u-ith the usual formula, (AI,Fe);(Mg,Ca,Fe)(SO,)4,32H,0, 
Together with other sulphates, the mineral is of recent formation 
in the levels of the opal mines, having been formed by the decom- 
position of the smai crystals of iron-pyrites present in the hypen 
thene-andesite matrix of the opal. L. J. S. . 

Minerals from Madagascar and the Urals. BBKt 
Charles Sabot ( Thhe , Unw. Geneve, 1914, 1 — 138; from Jnhrh - 
Min., 1920, i, Ref. 138—142). — Crystallographic and optical deter- 
minations, usually with analyses, are given for a number nf 
minerals. Most of the data have been previously published (Duparc, 
A., 1910, ii, 221 ; 1913, ii, 782; 1914, ii, 664, etc.), but the following 
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joalysee appear to be new. I, Maa«mte, plnniose mioa, from Am- 
njteakana, Madagascar. II, Spessartite crystals from Takovaya, 
Blue apatite, occurring with rubellite and felspar at 
infsoneonibsto, Madagascar, gave; P»Oj, 40'09; CaO, 54'46; 
jfnO, 1-80; Cl, 0'20; F [3-46]; I) 3-2013.' 


SiOj. 

AUO,. 

PejOg. 

FeO. MnO. (JaO, 

44‘35 

;n-40 

— 

5-30 0-30 0'19 


:*0-40 

206 

6*78 33'16 2'10 


MgO. 

K,0. H,0. 

Total. Sp. gr. 

X. 

1-67 

5*04 6-29 

100*44* 2-8908 

11. 

015 

— — 

99*77 4-1577 


* 

.AIho TiO,, Nttj 

0 (racfw. 


L. J. S. 

Optical Characters of Epidote. M. Goi-nscHLAfi {Tsch. 
)ljih 1917, 34, 23- -60; from Jahrb. Min., 1920, i, Ref. 
135 _ 137 ),— Optical determinations were made on clinozoisite and 
spidote from various localities, and the results correlated -with the 
chemical composition (percentage of ferric iron reckoned as an iron- 
epidote molecule). The following new analysis, by Kaboline 
Li-dwio, is given of epidote from Pfarrerb, Zoptau, Moravia : 

SiO,. AljO,. Fe,0,. FeO. CaO. MgO. H,0. Total. 
3834 26 11 9-67 1 07 23-93 0-34 n.d. 99-46 

L. J. S. 

Andesine from Hohenstein, Kremstbal, Lower Austria. 

0, Grosspietsch (Sitziiii/jfhir. Al-at!. IfVs.?. Wien, 1918, 127. 
I39_447; from ./alnh. Min., 1920, i, Ref. 132). -Analysis of 
tryslals gave : 

SiOj. .41,0,. Fe.Oj. CaO. .MgO. Na,0. Ign. Total. Sp. gr. 

,i9-98 24-67 0--54 7-26 trace 7-36 0-09 99-90 2-67 

corresponding with AbjjAiijs. The optical constants are given. 

L. J. S. 


Analytical Chemistry. 


Qualitative Chemical Analysis. V. Maori {Boll. Chim. 
farm., 1920, 59, 385 — 389). — The author gives a scheme accord- 
iig to which the metals are detected approximately in the opposite 
order to that of the method commonly employed, one advantage 
of this procedure being that it allows of the use of fixed alkalis or 
their salts. [See J. Soc. Chtm. Ind., 1920, November.] 

T. H. P. 
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The Analyeie ol'Aqneous Solntions with the Aid ol the 
RefFactometer, Max de Ceinis (Zeiisch. physiol. Chm,, 1920 
110, 254 — 265). — The refractive index of salt solutions vfhioh do 
not manifest the phenomenon of molecular ittraction is in direct 
linear proportion to the percentage of the concentration of the 
salt in the solution. Op establishing this relation between the 
refractive index and the concentration of a solution, it is possible 
to calculate the percentage of the concentration by means of the 
formula y = {n/JA'% — 1'33320)/5 (nZIX%= refractive index of .t® 
solution, 5=refractive index ol 1% solution -of the same salt” 
r33320=refraotive index of distilled water). The refractive index 
of a mixture of equal parts of various salt solutions is equal to 
the sum of the refractive indices of the solutions which make it 
up. If by mixing these salts some substance is precipitated the 
refractive index of the precipitated salt can be obtained by sub 
tracting the refractive index of the remaining solution from the 
sum of the refractive indices of the component solutions. Th( 
ion content of the aqueous solution can therefore be calculated as 
follows: P = (nDRX%-i>DOX%)jK. /'= percentage; nDSX%- 
refractive index of .T%-solution obtained by calculation; Kj90.T“i- 
refractive index observe<l after precipitation; S = nDEl%. 
nD0l% of a 1% solution. S. S. Z. 

A Simple Method for Titrating Electrometrically to a 
Desired End-point in Acid-alkaline Reactions, P. E. 

Klopsteg (Scifnce, 1920, 52, 18 — 19). — The hydrogen electrode 
can be utilised to compare a known standard solution with otie 
of unknown value. From the curves of Sorensen {Ergrh. 
Physiol., 1912, 12, 393) or the formul® of Clark and Lubs (.1, 
1916, ii, 44) is selected the solulioii with value oorresponditf 
with the point to w’hich it is desired to titrate. This solution is 
placed in connexion (by means of a bridge of potassium chloride 
solution) with the unknoivn, each being provided with a hydrogei 
electrode. The two electrodes are connected by a tapping ker 
and high-resistance galvanometer. Titration to an end-point is 
effected by merely adding solution until, on tapping the key, no 
deflection is observed, showing equal hydrogen-ion concentrations in 
the two solutions. The accuracy is limited by that of the pjj value 
of the standard solution. Chemical Absteacts. 

The H-ion Concentration of some Standard Solntions at 
Varions Temp€,-atures. L. E. Walbum (Biochem. Zdtsch, 
1920, 107, 319 — 238; Oompt. rend. Sor. Biol., 1920, 8i. 
707 — 709). — The H-ion concentration of mixtures of glycine and 
sodium hydroxide, borate and hydrochloric acid, and borate and 
sodium hydroxide increases with increased temperature between 
10° and 70°. The reverse is the case with a citrate and sodium 
hydroxide mixture. In the former three mixtures, the alteration is 
more marked in the alkaline mixtures, but diminishes with tbe 
diminution of the alkalinity of the mixtures. S. S. Z, 
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tJM of Ethyl Ether in lodometric Estimationa. L. Oebit 
lUitt. LehentmiUduntert. Hyg., 11, 67—68; from Chem. Zentr., 
1930, iY> 364). — Commercial ethyl ether can liberate large quantities 
(jf iodine in conseqtfcnco of the presence of peroxidised substances. 
Such ether should be dehydrated with qalcium chloride and sub- 
jected to prolonged treatment with metallic sodium, or shaken 
*ith concentrated alkali thiosulphate, rapidly dried over calcium 
chloride, and distilled. H. W. 

Extensive Employment of Arsenious Acid in Volumetric 
Itnalysis. It. Namias [Gum. Mm. ind. applicata, 1920, 2, 
jjgj _A reply to de Bacho (this vol., ii, 188), 

Chemic.al Abstracts. 

Application of the Thermal Conductivity Method to the 
Analysis of Complex Mixtures of Gases. E. R. Weaver 
and P. E, Palmer (,7. Ind. Eng. Chem., 1920, 12, 894—899). — 
The thermal conductivity method can only be applied quantita- 
tively when the probable identity and amounts of constituents 
likely to bo present in a gaseous mixture are known. For estim- 
ation of a constituent, by comparison with a standard gas, air is 
the most suitable standard for mixtures with low conductivity, 
and hydrogen for those with high conductivity. This is suitable 
for estimating hydrogen in air, the relative proportions of hydrogen 
and aitimouia in gases for synthetic ammonia processes, and impuri- 
ties in hydrogen. In other cases, such as the e.stimatiou of chlorine, 
hvdrc^en chloride, sulphur dio.xidc, acetylene, and water vapour 
ill various gaseous mixtures, the results are calculated by com- 
paring the conductivities before and after a chemical reaction., 
Thus, the total amount of atmospheric gases in a hydrogen-filled 
balloon may be estimated by applying the method before and after 
(he reaction of the o.xygen with the hydrogen. Similarly, methane 
in air may be estimated by the difference in the results obtained 
before and after passing the air over hot copper oxide. Another 
modification is to add a gas to a mixture prior to the reaction. 
For example, in estimating oxygen in flue gas, hydrogen is first 
added, and the oxygen removed by combustion. The difference 
in the conductivities of the residual excess of hydrogen and 
nitrc^en in the mixture is too small to affect the accuracy of the 
results for oxygen. In like manner, successive combustions with 
oxygen and hydrogen may be used for certain mixtures, as, for 
example, ill estimating carbon monoxide in the presence of large 
amounts of hydrogen. C. A. M. 

Estunation of Chlorine in Blood. M. Rodillox [Pressa 
mtd., 28, 85 — 86; from Chem. Zentr., 1920, iv, 315 — 316). 
—A solution of trichloroacetic acid (1:5; 15 c.c.) is added slowly 
and with stirring to an equal volume of the well-centrifuged serum, 
and the mixture is passed through a folded filter. 11-7 c.c. of the 
filtrate (a portion is reserved tor the estimation of carbamide) are 
treated with iF/lO-silyer solution (10 c.c.), distilled water 



ii'. 702 


ABSTRACTS OF OHBMIOAL PAPERS. 


(50—60 C.C.), and finallj; with ferric alum solution (10 o.o.); the 
mixture is thoroughly agitated and titrated with N j lO-ammonium 
thiocyanate solution until the red coloration persists. H. W. 

A New Method lor the Estimation o! Bromine. 

G. Haetwich {Biockem. Zeifsch.^ 1920, 107, 202 — 206). — The 
urine is incinerated with sodium carbonate and acidihed with 
sulphuric acid. Chlorine water is added and the liberated bromine 
is extracted with chloroform. The bromine is calculated from the 
quantity of chlorine used up. 347 Mg. of sodium bromide were 
estimated by this method in 100 c.c. of bromine-free urine with 
an error of about 3%. S. 8. Z. 

Use of Barcroft’s Differential Apparatus. R. Wbrthximes 

{Biochem. ZtiUch., 1920, 106, 1—11).— Replacement of Baroroft's 
formula (A., 1908, ii, 319, .529) by that of Munzer and Neumaim 
(A., 1917, i, .520) gives for the gas volume a value higher by abonl 
0-5%, or, if the barometric pressure is corrected for the pressure 
of the water vapur, lower by about 0'4%. Use of Barcrcft's 
formula and neglect of the water-vapour pressure correction is 
hence recommended. Determination of the constants of the 
apparatus is described. T. H, P, 

Investigations on Alveolar Gas Pressures by a New 
Method. Prus Supersaxo {Biochem. Zeitsch., 1920, 106, 56— S2|, 
— The author has tested a new method, devised by Asher, for 
investigating alveolar air which permits of the estimation of both 
the carbon dioxide and the oxygen. The analysis is carried out 
by means of the Bunte burette, and as it requires 100 c.c. of air, 
Haldane and i’riesUey’s method (A., 1903. ii, 400) is modified so 
as to yield increased quantities of the alveolar air. The melhod 
is fully described. T. H. P. 

Estimation of Neutral Sulphur in Urine. Paui, Liebe.ssv 
[Biochem. Zeitsch., 1920, 106, 43 — 48). — Estimatiou of the 
sulphur in sulphosalicylic acid solution by precipitation as 
benzidine sulphate was found to yield results 8 — 10% in excess oi 
the true value, owing to the pre.sence of sulphur coinpouuds in 
the gas employed as source of heat during the operations. The 
author has therefore modified Raiziss and Dubin’s method of 
estimating the total sulphur in urine (A., 1914, ii, 671), use being 
made of an electric combustion furnace. The total sulphates in 
urine may be esfima. ed by Rosenheim and Drummond’s method 
(A., 1914, ii, 4S3). the difference between total sulphur and total 
sulphate.s representing neutral sulphur. T. H. P. 

Volumetric Method for the Eetiination of Acids and 
Bases which yield Insoluble Salts. Hans Th. BccaEasn 
[Zeitsch. anal. Ohem.. 1920, 59, 297 — 302). — For the estimation 
of sulphuric acid, the hot solution containing the latter is titrated 
with ,¥-barium chloride until the precipitation of bannm 
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ftulptat® appears to be complete. A small portion of the solution 
is then filtered, and the filtrate divided into two portions, which 
are tested with a drop of barium chloride solution and a drop of 
dilute sulphuric acid respectiv^ely. If a precipitate is obtained 
with barium chloride, the titration is continued, and the solution 
again tested after filtration. In this way, the amount of barium 
chloride necessary for the precipitation of the sulphuric acid is 
ascertained approximately. The titration is then repeated on a 
fresh portion of the original solution, the final titration being 
made with NjlO-h&tium chloride solution. Similar methods of 
titration may be used for the estimation of calcium (as oxalate), 
magnesium (as ammonium magnesium phosphate), etc. 

W. P. S. 

A Little-known Still-head for KjeldalU Distillation. 

A. France (Chem. Zeit., 1920, 44, 681).— To guard against froth- 
ing over during distillation of ammonia when estimating nitrogen 
by the Kjeldahl process, the glass tube leading from the distillation 
flask to the receiver is inclined in an upward direction for some 
distance from the safety bulb. This gives additional security 
should the bulb become filled with froth. E. H. R. 

The Technique for the Estimation of the Residual 
Nitrogen in Blood. Job. Fmat (Biochm. Zcitsch,, 1919, 101, 
62— 73). —A theoretical paper. Folin and Wu’s method (A., 1919, 
ii 308) is considered an improvement on other methods. 

’ S. 8 . Z. 

Colorimetric Estimation of Ammonia, Nitrites, and 

Nitrates. I. M. Kolthoff (PJiarm. Weekbhd, 1920, 57, 
1253—1364). — In addition to the difficulty that colorimetric deter- 
minations are not accurate to within 5 to 10%. irregularities occur 
in practice from the influence of such factors as the quantity of 
reagent, the temperature, the time, the presence of retarding sub- 
stances, etc. In the quantitative estimation of traces of ammonia 
by means of Winkler’s reagent, which will detect O’l mg. NHj 
per litre, time was not found of great importance, the colour 
being at its maximum for different concentrations of the reagents 
after fifteen minutes in all cases. The quantity of reagent used 
has a marked effect, 0'3 c.c. of Winkler’s reagent producing the 
same colour with 50 c.c. of a solution containing 0 6 mg. NH 4 
per litre as 0*5 c.c. produced with the same volume of a solution 
containing 0'4 mg. NH^ per litre. The strongest colour was 
obtained by adding 0*5 c.c. of the reagent to 50 c.c. O’f the 
ammoniacal solution. The presence of excess of potassium iodide 
depresses the sensitiveness enormously; the presence of 0'3 c.c. 
iV'-KI with 1 c.c. of the reagent and 50 c.c. of a solution contain- 
ing 10 mg, NH 4 per litre reduced the colour to equality with that 
given by 50 c.c, of a solution containing 0'35 mg. NH 4 with 1 c.c. 
of the reagent, whilst 0-6 c.c, .V-KI prevented the formation of the 
colour completely. The influence of a small exc^s of potassium 
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iodide varies with the concentration of the reagents. Bromides and 
thiocyanates have a preventive effect, although not so great as 
iodides. Chlorides have very little effect unless in large quantity. 
Sulphates have little effect on the colour, but hasten the separation 
of the orange precipitate. Secondary phosphates weaken the 
colour, whilst addition of excess of alkali hydroxide inhibits it 
entirely, as also does cyanide. A very satisfactory reagent, cap. 
able of detecting 0-1 mg. NH, per litre, is mercury sodium 
chloride in weak alkaline solution, which gives a white opalescence 
permitting of nephelometric estimation. 

The recent work of Frederick (A., 1919, ii, 371) and Massink 
(Water, 3, 89) on the phenol-sulphuiic acid method of estimating 
nitrates is examined, and the influence of traces of chlorides 
shown by Massink to be necessary is confirmed, although the quanti- 
tative effect is greater than Massink stated. The test is best 
carried out by adding to the working solution 0'5 c.o. A-NaCl, 
evaporating to dryness, adding to the residue 2 c.c. of phenol- 
sulphuric acid, and warming for twenty minutes on the water- 
bath. The liquid is then diluted and rendered ammoniacal 
according to the procedure of Frederick. In the new form, the 
reaction is quantitative, the colour being proportional to the 
amount of nitrate present. Nitrites have very little effect on the 
reaction in this form. The brucine-sulphuric acid method was 
also examined, but no quantitative results could be obtained. 

The Griess-Romijn method for the colorimetric determination 
of nitrite is also e.xamiued, and modifications are recommended. If 
100 c.o. of the reagent be added to 50 c.c. of the solution under 
test, and the mixture warmed to 55 — 60° for five minutes, the 
maximum colour is reached at once on cooling. Since alkalis 
inhibit strongly, a hard water should first be made acid with acetic 
acid. S. I. L. 

Estimation of Ammonia in Urine, in Serous Liquids, 
and in the Oxidised Liquid of the Kjeldahl Method. Arnold 
Hahn and Elisabeth Kootz (Biochem. Zeitsch., 1920, 105, 
220 — 228). — Using Hahn’s modification of the Kruger, Reich, and 
Schittenhelm method, all the ammonia is expelled in five minutes 
from a solution containing 0'04 gram of ammonia as ammonium 
sulphate, . 25 c.c, of water, 10 grams of sodium chloride, 1 gram 
of sodium carbonate, and 30 c.c. of 96% alcohol if the distillation 
flask is heated in a boiling-water bath and the distillation is carried 
out in the maximum vacuum given by a water pump. Under 
these conditions, carbamide (2 grams) yields no ammonia. Cool- 
ing of the receiver containing the standard acid for absorbing the 
ammonia is found to be unnecessary. Methods based on the above 
results are given for the estimation of ammonia in urine either 
free from, or containing, protein, in blood serum, and in the 
decolorised acid liquid of the Kjeldahl method. A special 
mdicator containing sodium alizarinsulphonate and methylene-blue 
is used for titrating the alcoholic A/ 100-acid used in the case of 
blood serum. T. H. P 
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The Conductometric Titration of Phosphoric Acid and 
its Salts. 1. M. Kolthofp {Zeitsch. anorg. Chem., 1920, 112 
165— 171)-— Paospnorio acid behaves as a strong acid, and cannot 
be titrated Mnductometrieally in concentrated solution (compare 
this vol., 11, 420). In dilute solution it can be titrated in exactly 
the same way as a mono- or di basic acid, the first equivalent 
point being very sharp, the second less distinct. The conducto- 
metric method of titration has the advantage over the indicator 
method that indicators give indistinct end-points in very dilute 
solutions of phosphoric acid. Secondaiy phosphates, for example 
Na.,HP 04 , can be titrated with acids when the concentration is 
less than O'Ol molar. When the concentration is greater the 
break in the inductivity curve at the point corresponding ’with 
primary phosphate is indistinct, owing to the dissociation of phos- 
phoric acid. Secondary phosphates cannot he titrated with alkali 
on account of the hydrolysis of the tertiary phosphates Dilute 
solutions of pyrophosphates can be satisfactorily titrated with acid 
to the secondary salt. The break corresponding with the tertiary 
salt is indistinct. E H E 


Estimation of Carbon Dioxide in Alkali Hydrogen 
Carbonates in the Presence of Carbonates. Wilheim 

H 1 RTM. 1 KN (Zettsch. anal. Chem., 1920, 59, 289— 297) —When a 
mixture of sodium hydrogen carbonate and sodium carbonate is 
mixed with 70% glycerol solution (7 c.c. for each O'l gram of 
carbonate) and heated at 115° for ten minutes, the whole of the 
arbou dioxide in the hydrogen carbonate is liberated, and after 
being passed through suitable drying apparatus, may be collected 
m au ordinary potash bulb and weighed. At the end of the ten 
minutes the temperature should be lowered to 100°, and a current 
of air passed through the apparatus to convey the carbon dioxide 
into the potash bulb. If the same mixture is then heated at 190° 
for five minutes two drops of water now added, and the heating 
continued for a further ten minutes, the carbonate is decomposed, 
and the resulting carbon dioxide may be collected and weighed 
In most casts, the greater part of the water evolved with the 
carbon dioxide may be separated by means of a short reflux 
apparatus, but when ammonium salts are present, a vessel con- 
taming sulphuric acid must be used for drying the gas and 
removing the ammonia. ’ w “p o 


Carbonic Acid and 

™ ic^' O . • {Zeitsch. anorg. Chem., 1920, 112, 

in Solutions of carbonic acid, from 0 0015 to 0 02 mol. 

*}!^**®<* conductometrically with alkali. The 
tkm becomes steeper after the form- 

fermation of carbonate, and again steeper after the 

wUch owin» lu very dilute solutions, in 

ch, owing to the considerable hydrolysis of the carbonate, the 
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straight-Uue portions become rounded into a continuous curve 
The sharpness of the titration can be greatly increased by having 
present an excess of calcium salt (calcium chloride) to precipitate 
the carbonate as it is formed. Time mnst be allowed during the 
titration for the precipitation of the calcium carbonate. 

Carbonic acid cannot be titrated with carbonate to the hydrogen 
carbonate conductometrically, because the angle between the tvo 
portions of the curve is too obtuse. On the other hand, carbonale 
call he titrated with acid. According to the dilution, the con 
duotivity may fall (in dilute solution) or rise (in stronger solutions 
above O'lA) up to the hydrogen carbonate point. Prom tlii^ 
point, which is not sharp, to the neutral point, the conduclivitv 
increases gradually, and at the neutral point there is a sharp ri^e 
The neutral point is very sharp in extremely dilute solutions. 
Free alkali hydroxide can be estimated in presence of carbonatt 
by titration with acid if not present in too small an amount. Th( 
amount of hydrogen carbonate in carbonate can be determined bv 
titration with alkali or acid, but its amount must not be too small 
or the direction of the corresponding portion of the curve caiiinii 
be determined with sufficient accuracy. A very weak acid, sutli 
as boric acid, can be titrated in presence of sodium carbonate mtli 
alkali hydroxide with satisfactory results. P. H, R, 

Microchemical Reactions of Radium ; its DiSerentiatimt 
from Barium by Iodic Acid. G. Denises {Compt. rend., 1920 , 
171 , 633 — 635). — Radium salts give results identical with those 
of barium salts in the microchemical tests where hydrofluosilicit 
acid, oxalic acid, tartaric acid, potassium ferrooyanide, potassiiini 
tartrate, ammonium cyanurate, or ammonium phosphomolybdjle 
in ammoniaoal solution are used respectively as reagents. lodir 
acid can be used, however, under certain conditions to differentiate 
between the salts of these tw'o metals. If (he concentration of 
the solution does not exceed 0-3%, radium and barium salts give 
typical and distinct microcrystalline precipitates with a 10* 
solution of iodic acid. ' W. G, 

Titrations with Surface -active Substances as Indicators. 
II. Estimation of Acidity with Capillary-active Substances 
of Alkaline Nature. Wilhelm Windisch and Walihek Dietbich 
(Biochem. Zeitsclt., 1919, 100 , 130- 147. Compare this vol.. 
ii, 48). — Salts of substances of an alkaline nature, such as quimiif 
hydrochloride, vera .rine hydrochloride, eucupiue dibydrochloride, 
were used as indicators in acidimetric titrations, according to 
Traube’s method, by changing the surface tension of the indicator. 
Eucupiue dibydrochloride was found to be as sensitive as deceit 
acid is in alkalimetry. With this indicator, it is posable to carry 
out graduated titrations of a strongly dissociated acid in tbe 
presence of a primary phosphate in varying proportions. By this 
method, the amphoteric reaction of mixtures of primary and 
secondary phosphates can also be demonstrated. S. S. Z, 
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Titrations witt Suriace-actiTe Substances as Indicators 
ni. Investigation of Carbonates and Phosphate-Carbonate 
Mixtures by Utilising Surface-active Indicators of Acid and 
Aikaliue Nature. Wilhelm Windisch and Walthkh Dietrich 
(Biochem. Zettsch., \ 01 , S2 — 109. Compare this vol, ii 48 
and preceding abstract). The carbonates and hydrogen carbonates 
of potassium and sodium react alkaline with eucupine dihydro- 
chloride as a surface tension indicator; those of magnesium react 
less alkaline than the above, but more alkaline than calcium normal 
and hydrogen carbonates. When these carbonates are mixed with 
primary potassium phosphate in the cold, the two substances react 
until a certain equilibrium is attained, showing the same order of 
.ilkaliiiity as the above. This is obtained with the alkaline surface 
tension indicator, eucupine dihydrochloride, as well as with the 
acid surface tension indicator, sodium undecoate. When heated 
(lie alkali carbonates have the same influence on the nriniarv phos- 
phate as alkali liydroxidc. The action of magnesiuin and calcium 
hydrogen carbonates on the primary phosphate under these cun- 
dilions IS complicated. The alkaline action of the alkaline earth 
hydrogen carbonates is proportionately greater when small 
f|iiautiti6s are used than when larger ones are employed. 

s s z 

Estimation of Potassium as Perchlorate, and the Separa 
Uon from Sodium, etc. R, Leitch Morris (Analyst, 1920 45 
349— 368).— A critical examination of the perchlorate method for 
the estimation of potassium, together with suggestions as to the 
most suitable forms of apparatus. The potassium salt solution 
should be evaporated three times with perchloric acid, and in the 
'inal evaporation taken practically to dryness. The residue is 
treaty with 10 c o. of wash liquid (100 c.c of'98ro by vol alcohol 
and 1 c.c, of 20^ perchloric acid), stirred occasionally for fifteen 

the liquid then decanted 
through a weighed Gooch crucible containing asbestos. When 
the precipitate is rinsed directly on to 
the filter with a small, measured quantity of the wash liquid. If 
^dmm IS present, the basin containing tbe precipitate from the 
BrLttT*d ‘™1 to evaporate the alcohol, the 

evZaWtoT of water, the solution 

ouir^c the precipitate treated with 10 c.c. of wash 

quid the latter decanted on to the filter, and the precipitate 
rausferred by using 10 c.c. of the filtrate. Finally^ the^ pre- 

'iqu d the cTZw “ measured volume of wash 

lioV cMled r ^ f50° for one 

tveiaiit Z for one hour, and weighed. The 

iiquid tL diff“ "'‘th 3 C.C. of 

'1-2 mil between successive weighings does not exceed 

'f'th pZwnrh. u present, the evaporation 

ZiZ should not be te dryness, but to a moist, pasty 

finailv^ „ illF* 16 o.c. of 98% aliohoi, 

Snally washed with the wash liquid. Calcium, iron. 
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aluminium, and barium do not interfere, and magnesium is jj, 
without eSect provided that the evaporation with perchloric acid 
is not carried to drjrness. Organic acids tend to char during tl, 
evaporation, and when they are present it would seem preferabl 
to separate the potassium previously by the cobaltinitrite method 
In the case of sulphates, the sulphuric acid should be removed bv 
treatment with barium chloride, but it is not necessary to reniovf 
the alight excess of barium chloride used. W, p ^ 

The Precipitation of the Calcium Group and Magnesinm 

I. M. Kolthoff (Pharm. Weel/h/ad, 1920, 57, 1229 — 1234)._j]jj 
sensitiveness of ammonium carbonate, as usually used for the pre 
cipitation of Group IV in presence of ammonium chloride, leavjj 
much to be desired. Ammonium carbonate in the cold gives 
precipitate with solutions containing less than 25 mg. of calcimj 
per litre, and at that concentration the precipitate is visible onlv 
after fifteen minutes. The sensitiveness is greater at the boilini 
point; in presence of free ammonia, a concentration of 5 u, 
of calcium per litre, shows a precipitate in boiling ammoniacil 
solution. Ammonium chloride renders the reaction much less 
sensitive. The same conclusions are found to hold for strontivir. 
and barium, the latter being least sensitive to ammoniim 
carbonate, as would be expected from the solubilities of the 
Group IV metal carbonates. 

Sodium carbonate is found to be a much more sensitive reageDl, 
giving precipitates at the boiling point from solutions contamim 
only 1 mg. of calcium, 3 mg. of strontium, or 5 mg. of barium per 
litre. The use of sodium hydroxide and carbonate together i 
recommended to ensure complete irrecipitation of magnesium, whic! 
can be removed by. the chromate method and reprecipitated vrii: 
ammonium pjiosphate. Considerable excess of these reagents i 
not harmful to the reaction, as the ammonia set free from th 
ammonium chloride present has no tendency to prevei 
precipitation of the magnesium. S. I. L. 

Estimation of Calcium and Magnesium in*Difieren 
Saline Solutions. E. Canals (Compt. rend., 1920, 171 
516 — 518). — If to a solution containing calcium, magnesium, iroii 
and aluminium salts, just acidified with sulphuric acid, sodiiiD 
phosphate is added and the solution made alkaline with ammomm 
hydroxide, it is possible to retain the whole of the calcium iii 
inaguecium in solution by acidifying with acetic acid and shaldnj 
vigorously for sevc al minutes. W. 0. 

Detection of Magnesium. Fnitz Eisenlohr [Ber., 1920,53 
[S], 1476 — 1477). — Five o.c, of a solution of alkannin in alcoho 
(96%) are treated with a drop of 2A''-ammonmm carbonate soWin 
which does not cause any change in colour, and then with a drop ol 
the neutral salt solution ; the presence of magnesium, strontium, f- 
manganese is denoted by the development of a bluish-violet cobra' 
tion which becomes pale red after acidification with- one or at most 
two drops of 2.T-hydrochloric acid; subsequent addition of tb 
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saBic nMbCT of drops of SA'-ammomum carbonate solution restores 
tie bluish-violet colour only if magnesium is present. If the latter 
is present M magnesium ammonium phosphate, the salt is dis- 
solved in 2A-hydrochlone acid, and a drop of this solution is added 
to the alkannm tincture; further addition of 1—2 drops of ammon- 
ium carbonate causra the appearance of the bluish-violet colour if 
inagiiesium is actually present, whilst otherwise the original colour 
ot the tinrture is restored. It is essential that the alcoholic solution 
should not become diluted with water, since in this case the 
ammonia hydrolyticany produced gives a blue coloration. H. W. 


The Acidimetric Estimation of Heavy Metals in their 
Salts. I. M. Kolthofp (Zeitsch. anorg. Chm ig^O 112 
172-1S6).— Experiments were made to determine with what degree 
of accuracy the salts of heavy metals which form insoluble hydr- 
oxides can be titrated with alkali hydroxides, either by the con- 
ductometric method or with the help of iudioators. The statement 
of Harned (A., 1917, ii, 272) that magnesium sulphate can be 
estimated conductometncally by titration with barium hydroxide 
was conarmed. Satisfactory results were also obtained by precipi- 
tating the magnesium hydroxide with excess of standard alkali 
filtering, and titrating back with standard acid. The couducto- 
luetnc method gave unsatisfactory results when zinc sulphate was 
titrated with s^ium or barium hydroxide, owing to the precipita- 
tion of basic salt. Better results were obtained by titrating sodium 
hydroxide with rmc sulphate. In the case of copper sulphate also, 
the formation of basic salt interferes with the titration, and satis- 
factory results could not be obtained. Mercuric chloride can be 
titrated conduc orartrically with accuracy by running the solution 
m o sodmm hydroxide solution, which should not be stronger than 
0 OLt . In the case of aluminium salts, when these arc titrated with 
sodium or barium hydroxide, a sharp break in the conductivitv 
rarve is not obtained at the neutral point, but there is a very sharp 
break aj the point where the formation of alurninate is complete^ 
Aluminium hydroxide behaves, therefore, as a mono-basic add' 
.Alum, mum sulphate or alum can be titrated with sodium hydroxide 
at the boiling temperature in presence of e.xcess of barium nitrate 
using pheno ^thalem as indicator. Slight excess nf alkali is run 
inland titrated back with acid. The results are accurate. 

E. H. E. 

T Derivatives in Qualitative Analysis. 

Lluri f -'”';- ■' f 689-G90),-Benzidine and ^her 

S T.iT’if vibrations with manganic, 

of heTatt^ P'O'- the detection of Lees 

orida ™ith sodium hydr- 

calduiT^rho tap water (the preseu J of 

msS Wdw! it occludes the traces of 

S d filter then 

W tlTnli »<»tate solution. The test will 

presence of I part, of manganese in 125 million parts of 
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solution. Thallic compounds even give a blue coloration with th 
reagent without previous treatment with alkali ; cobalt salts mujj 
be heated ■wdth alkali solution to obtain the pink hydroxide befor 
the reaction with benzidine can be obtained. In ^e case of iro^ 
the blue coloration is not obtained when all the iron has been 
precipitated from solution by alkali. W. P. g 

Electro-analytical Separation of Nickel (Cobalt) from 
Arsenic. N. Howell Furman (J. Amer. CJiem. Soc., 1920, 42 
1789 — 1793). — Nickel may he quantitatively separated from salts 
of arsenic acid in ammoniacal solution by the electric current 
Cobalt on deposition carries down arsenic, whereas the nickel pre- 
cipitate is free from arsenic. If the two metals are deposited 
simultaneously, arsenic may or may not be deposited, according to 
the conditions. J. p p 

Volumetric Methods for Estimating Tin. J. G. F. Deuce 
(Chem. News, 1920, 121, 173 — 175). — Stannous tin may be more 
accurately estimated by a volumetric method in an acid solution 
Titration with standard iodine solution in the presence of hydro- 
chloric acid gives satisfactory results with stannous chloride, inor- 
ganic stannochlorides, and stannochlorides of aliphatic amines but 
is leas suitable for aromatic amine compounds, which have a tend- 
ency to darken during the titration, and so obscure the end-point, 
For the titration of stannous chloride with potassium permanganate 
solution, the hydrochloric acid should be kept as low as possible bv 
dissolving the salt in dilute sulphuric acid, and titrating tbe 
solution as rapidly as possible. Potassium dichromate is usuallv 
less trustworthy as a reagent for the titration. C. A. M. 

Estimation of Zirconium. Melvin S. Smith and C. James 
{J. Amer. Chem. Soc., 1920, 42, 1764— 1770).— Zirconium is pre- 
cipitated by selenious acid from a boiling solution acidified with 
hydrochloric acid. The basic selenite on ignition leaves zirconia. It 
is shown that this method gives satisfactory results in the estima- 
tion of zirconium in a pure salt, in the separation, of zirconium 
from aluminium and rare earths, and from iron when the amount 
of ferric oxide in the combined oxides of iron and zirconium does 
not exceed 10%. Titanium is precipitated with zirconium, and ? 
correction must be applied in this case or the precipitation carried 
out in presence of excess of hydrogen peroxide, when zirconium 
alone is precipitated. If phosphates are present the zirconium 
phosphate in the am nonia precipitate is insoluble in hydrochloric 
acid, and must be fused with sodium carbonate, boiled with wmter. 
and the residue dissolved in hydrochloric acid and added to the 
main^ solution. A method for the analysis of zirconia ore is 
described. J. R. P. 

Estimation of Antimony in Lead-Antimony Alloys. 

L. Bebtiaux {Ann. Chim. anal., 1920, [iil, 2, 273^278; Rw/?. Soc. 
chim 1920, [iv], 27, 769— 771 ; CTirn. et Ind., 1920, 4,467-472). 

The alloy is dissolved by heating with sulphuric acid and 
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sodium s^phate, the solution is diluted with water hydro 
chloric acid and a few drops of a 0-1% solution of Poirrier’s 
orange, and the mixture is titrated with standardised per- 
manganate solution until the colour is just discharged. The 
hydrochlooo ^d kwps the antimony sulphate in solution and as 
soon as all the antimony has been oxidised by the perra^ganate 
the next drop of permanganate solution introduced reacts with the 
hydrochlonc acid, liberating chlorine, which decolorises the 
Poirner's orange. Bismuth, copper, tin, and arsenic do not inter- 
fere; iron IS titrated together with the antimony, but its quantity 
may be estimated colonmetrically with thiocyanate in the solution 
in which the antimony has been titrated. fSee further ] Sor 
Vhm. Ind., 1920, 693a.] ^ p g 


Sensitive Modification of Ueben's Reaction for Iodoform 

Ecdolf Kunz (Zeitsch. anal. Cheat., 1920, 59, 302—303) —For the 
detection of tra<^ of alcohol by this teet, 10 o.c. of the solution 
are treated with 2 c.c. of 10% sodium hydroxide solution, O' 15 gram 
of potassium iodide and 0'2 gram of potassium persulphate and 
the mixture is heated at 60°. A solution coiitainiug one drop of 
alcohol m 100 c.c. of water yields a turbidity, due to the formation 
of iodoform, within ten minutes. -W p g 

The Conductometric Titration of Phenols . I. M . Kolthofk 
(UiUch. anorg. Cheat., 1920, 112, 187-195).-Pheuol and the 
cresols can be accurately titrated conductometrically with alkali in 
01-^ '^Intion, Vanillin and sodium pheiiolsulphonate can 
be similarly titrated. In salicylic acid the hydro.xyl group loses its 
acidic character and cannot be titrated, but its esters, for example 
salcl or methyl salicylate, can be accurately titrated as phenols; 
p-hydroxybenzoiQ acid behaves as a dibasic acid. Thymol and 
d-naphthol are also satisfactorily titrated. Of the dihydroxy- 
benzenes, catechol behaves as a monobasic acid, the conductivity 
curve showing only one break, corresponding with the first hydroxyl 
group; quiuol behaves as a dibasic add, the first break not being 
veiy distinct, whilst resordiiol, which also behaves as a dibasic 
Md, gives better results when titrated with barium instead of 
wdium hydroxide. Pyrogallol functions as a dibasic add, not 
monobasic, as stated by Thiel and Roemer (A., 1908 i 787 791) 
and so does phloroglucinol, whilst gallic acid, having ’a carboxyl in 
addition to three hydroxyl groups, behaves as a tribasic acid. 


Ji. ±1. K. 


Estoation of Terpin. Obdolio FsEu.iNBEz and N. Luengo 
Fu. Gmm 1920, 18, 158-166).-When terpin is treated 
wth acetic anhydride and anhydrous sodium acetate, only one of 
aoetylated; hence it behaves like a 
monohydric alcohol, although the results are slightly high. When 
Lrf of sulphuric acid is used instead of sodium 

»te, the reaction takes place spontaneously, and one hydroxyl 
b r ^dofyls.fed. The quantity of acetic anhydride required 
wo to three times that of the terpin, the mixture being left for 
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one or two hours. Complete eeterification is achieved by Boulej^y 
method (A., 1907, ii, 306): 5 grams of terpin are dissolved h 
25 grams of rectified oil of turpentine and 40 grams of acetic 
anhydride. Three grams of fused sodium acetate are added, and 
the mixture boiled for three hours. The liquid is digested for 
twenty minutes on the water-bath with a little water, and a 
saturated salt solution added ; the top layer is made up to 100 c.c. 
with oil of turpentine and dehydrated with calcined sodium 
sulphate; an aliquot part of the liquid is then hydrolysed with 
alcoholic jV/2-sodium hydroxide solution. W. R. S. 

An Accelerated Method of Estimating the Reducing 
Values of Callulosic Substances. E. Knhcht and L. Thompsos 
(J. Soc. Dyers and Col.y 1920, 36, 255 — 257). — Schwalbe’s method 
for estimating the copper number of oxycellulose is modified by 
adding the cuprous oxide to a ferric salt solution and titrating the 
ferrous salt so formed with potassium permanganate. By this 
means it is unnecessary to determine the unreduced copper 
absorbed by the cellulose (copper hydroxide number), which is the 
difference between the above number and that obtained from an 
estimation of the unreduced copper in the filtrate by titanoiis 
chloride. 

The copper number may be determined by a process based on 
the fact that oxycellulose precipitates cuprous thiocyanate from 
solutions of the cupric salt. This method avoids the errors that 
the action of the alkali hydroxide in Febling’s solution on 
oxycellulose may cause. 

The copper number may also be determined by heating oxr- 
cellulose with sodium hydroxide and rosinduline, and then titrating 
with titanous chloride to determine the amount of dye reduced. 

All three methods give sufficiently accurate results, and are more 
quickly carried out than the original Schwalbe method. [See 
J. Soc. C'hem. Ind., 1920, 718a.] A. J. H. 

Estimation of Acetic Anhydride. Knui Woigast (Smsk 
Kem. Tidskrift, 1920, 32, 110). — Twenty-five c.c, of acetic anhy- 
dride are dissolved in 30 ac. of benzene, 25 c.c. of water are added, 
and after vigorously shaking for fifteen seconds the aqueous layer 
is drawn off and measured. The increase in volume is due to the 
acetic acid present, and multiplied by 4 gives the percentage of 
acetic add. Some small amount of acetic anhydride will dissolve in 
water and some of the dilute acetic add will dissolve in the 
benzene. A table of c 'irections is necessary In the following pairs 
of figures the first is the burette reading of increased volume 
multiplied by 4 and the second the corrected percentage : 93'5 — 100, 
90—95-6, 85—89-6, 80—81-5, 75—75-8, 55—55-1, 50-50-1, 
35 — 33 - 3 , 25 — 2T7, 20 — 15-6, 11—0. Chemical Abstracts. 

Colour Test for Oxalic Acid. Lewis H. CHEENorr (J. Amer. 
Ohem. Soc., 1920, 42, 1784 — 1785), — A few crystals of resorcinol 
are dissolved in 5 c.c. of the solution by warming gently. Ti® 
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liquid is oooW aad an equal volume of concentrated sulphuric acid 
,lewly pour^ m to fom a layer. A blue ring in Sed at Se 
junction of the layers if oxalic acid is present If the him* 

not appear, the liquids are mixed hi Snv and af U.® “r “ 
somewhat, another 5 c.c. of sulphuric add add^ Tf the 
still fails to app^, the liquid /warmed otratame n/t bS 
when an indigt^blue colour appears. Tf the mixture is boiled the 
colour becomes dark green. ooiiea tne 

« . K. P, 

Detection of Coumarin in Vaniiitn t n. , 

jAensm. Hyg., 1920, 11, 69— 71) —Five w rf'coiima ' 

cau be det^ited by the yellow turbidity pUnSd bv fh'" T. V “ 

of a solution of iodine in 2% poUsInm Mde^ohriof the 

^ 46 /rfSn Wnish-black crystals In/n 

mg 4b 41% ot iodine and yielding 13'36% of ash. 

Chemical Abstracts. 

Estimation of A^oethyl Alcohol and of Choline appear- 
mg on the Hydrolysis of Phosphatides. P a Lev™ and 
T, Ingvaldskk (J. Bwl. Chem., 1920 4 3 355— 37»i ' rr 

SchZX 

1916, 1 , 64S) 11m method is employed in the origins! form up to 

the point where the free aminoethyl alcohol is extracted Thfs t 
accomplished by boiling the mixture of the hydrochlorides of the 
two bases and an excess of calcium oxide with dry acetone The 
combined acetone extracts are acidified with hydrjhloric acid and 
evaporat^ in a vacuum. The residue is dissolved in water ’ /a 
porated to a syrup and again treated with calcium hydroxid; tnd 
acetone Wie final ^tone extracts are filtered, made add with 
iydrcchlonc aad, and the acetone removed by vacuum ™at^n 
T y^due from the acetone extracts is Jeated wit/wator 
tered from calcium hydroxide. Hydrochloric acid and the r“i 

tively. the choline is precipitated as picrate ^ 

Phenylalanine. Sh.ntaeo 

mdama {J. Tokyo Chem. Soc., 1920, 41, 479— 495i _Tn 1 - 1 ,= 

we tlCM“i/a “i-i- ““d phenylalanine 

mixture of the ^ fraction. The author adds lime to the 
“cium of. hydrolysis of a protein, whereby basic 

obtained^bv ^ The caldum salts subsequently 

mrbon diorid? wh// T® ’'""T® with 

Ha calcium carbonate is precipitated. When 

Aui^nw «>ncentrat^. phenylalanine cryLlliL. 

“'"Alriu/S^f Dh™^M° the phenylalanine in a mixture of 
m salts of phenylaJaniue (Ca, 9'98; H^O, 8'91%), glutamic 
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acid (Ca, 16'80; HjO, 22-56%), and aspartic acid (Ca, 16 51; 
29-63%) can be made if the percentage of calcium and of water 
ciystalliaation is estimated. By suspending the mixture ia i]„j 
water and treatment with carbon dioxide, calcium glutamate and 
aspartate lose one-half of their calcium, and are converted into 
easily soluble, normal calcium salts, whilst the calcium salt of 
phenylalanine loses the whole of its calcium, and is converted into 
the free add. The difference between the amount of caldum in the 
precipitate and in the solution corresponds with the amount of 
caldum originally combined with phenylalanine. 

Several methods of obtaining perfumes from phenylalanine art 
described. Chemical Abstracts, 

Estimation of Taurine in Muscle. Y. Okcda and Keiicbi 
Sanada (J. Coll. .iyr. Imp. Univ. Tokyo, 1919 , 7, 77— 80).— Sul- 
phur is estimated in an aqueous extract of the muscle, after 
removal of all compounds of sulphur except taurine, for example 
proteins, sulphates, and cystine (if necessary). The flesh (,5 grams 
if fresh, 1 gram if dry) is ground and extracted first with altl 
water, then with warm water. The total extract is boiled with the 
addition of acetic add ; the coagulum is removed ; the filtrate is 
neutralised, and is precipitated with basic lead acetate, an excess 
of that reagent being avoided. The predpitate is removed bv 
filtration; the filtrate is treated with sulphuric add to predpitjt'e 
the excess of lead ; excess of sulphuric add is removed with baryta, 
and e.xceaa of baryta with ammonium carbonate. The final filtrate is 
used for the estimation of sulphur, which is converted into sulphate 
and weighed as barium sulphate. Multiplication of the weight o! 
barium sulphate by the factor 0-5358 gives the weight of taurine. 
Cystine is usually absent from the extract; if it, is present, the 
above technique is modified; after predpitation of the excess of 
lead, more sulphuric add is added until its concentration reaches 
5% ; the cystine is then predpitated with phosphotungstic add and 
removed by filtration after remaining for two or three days. Treai- 
raent with baryta and with ammonium carbonate and estimation 
of taurine sulphur are made as usual. The percentage of taurine in 
fresh flesh and, in parentheses, in dry flesh, was : shark, 0T3 (0'61l: 
carp, 0'l3 (O'Gl); ordinary flesh of bonito, 0'08 (0'30); "cliai 
flesh of bonito, 0-42 (1-56); Neptumu pehf/icus, 0-28 {1'37) 
Palinimis vulgaris, 0-17 (0-76); Pinna japonica (adductor muscle), 
0-54 (2-38); .ivicula mnrtensH (mantle), 0'91 (5-20). All the 
samples of muscle tfish, mollusc, and crustacean) examined con 
tained taurine ; that compound was most abundant in molluscs, and 
less abundant in fish, although present in comparatively large 
amount in their "chiai ” flesh. Chemical Abstracts. 

Detection of Cvanic Acid. R. Fosse (Compi. rend., 1920, 
171, 635 — 637). — The cyanic add may be detected directly as such 
or after its conversion into silver cyanate. In the first case a 
portion of the solution is heated for one hour with ammonium 
chloride, and the carbamide present in 2 c.c. .of the solution thus 
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^ ^ uHti'eated aolution is estimated by 

jeiBS of xaiithhydrol. An increase in the carbamide content of the 
olutioi by heating with ammonium chloride is evidence of the 
iresenoe of cyanic acid. In the second case the silver cyanate is 
with ammonium chloride, and the resulting liquid tested for 
arbamibe as above. Another portion of the silver cyanate is first 
leated with nitric acid and then with ammonium chloride, but in 
liis case there is no formation of carbamide. W. G. 

Volutnetric Estimation of Thiocyanate by Potassium 
'ermanganate. R. Meurice {Ann. Ghim. anal, 19a0, [ii], 2, 
ya — 273). Irustworthy results are obtained when the thiocyanate 
ilution is acidified with sulphuric acid, treated with an excess of 
taiidardised potassium permanganate solution, and the excess of 
he latter then titrated with dilute hydrogen peroxide solution, 
'he excess of permanganate added should be at least onohalf of 
bat required for the oxidation of the thiocyanate. Direct titration 
i thiocyanate in acid solution ■with permanganate yields low 
ssuits. ■\V. P. S. 


Detection of Hydrogen Cyanide. James'Moir (J. S. African 
[me. Anal Chem., 1920, 3, 16. Compare P., 1910, 26, 115).— 
'liter paper is moistened with a reagent consisting of o-tolidine 
gram, copper acetate 1'5 grams, glacial acetic acid 0’5 gram, 
nd water 100 o.o., and is then suspended in the atmosphere to 
e tested. A blue colour appedrs on the paper if the air contains 
s little as 1 part of hydrogen cyanide in 2 millions. W. P. S. 


Preparation of Phosphomolybdic Acid and its Applica- 
ion to the Colorimetric Estimation of Uric Acid. 

Feoschcwsky {Kongl. Vet. LandhoWjekole Aarskrift, 1918, 
2—407; from Citeni. Zentr., 1920, iv, 315). — The author reviews 
e colorimetric methods which have been proposed for the estima- 
ba of uric add in urine, and indicates a new procedure for the 
reparation of phosphomolybdic add required in Host’s process; 
has been examined in detail, and certain improvements 
'iided. H w 

G. Baroek, M.A., D. 

H. Detection and Estimation of 
w'.Goddbs, B.’Se.’ ’s Purines in Human Blood and Pus 

J, Kexstb, D.9c., Ph. nAusER and G. Czoniczer {Zeilsch. physiol 
Compare A., 1919, i, 228).— For the 
mail) “ blood the serum is diluted with 

a er and ^cipifSted with 1 55 ^ 

oiled with some sodium ace 

.d precipitated with 10 % cop.,^^^ predpitato is 


licro-Kjeldahl method, 
mtent is calculated. 


r’per sulphate. 
From tht' 


Jutnfueed, washed, and the nitj •* -j. • j ' • j i 

® ’ ’ - vogeu in it IS determined by the 


rpi £ V value obtained, the free purine 

toed by the colorimttrfcTeth^*’" ™ 

irriin^e^„i 11 J -A • A. 1 . f by the above method 

pee fairly well, and it is therefore to 
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Rinall quantities of free purines other than urio acdi are prjj. 
in the blood. In order to estimate the oombined purines (nuol'"^ 
tides) in the blood, the diluted serum is boiled, and precipit^S 
with a 20% solution of sulphosalicylio acid in order to remove a 
proteins. The filtrate is concentrated and the purines are preciJ 
tated with copper sulphate as previously describe(J, and the toS 
purines are obtained from the nitrogen estimation, whilst the com, 
bined purines are calculated by differenoe. One hundred cad 
normal human serum contain 2 — 3 mg. of nucleotide nitrogen sn( 
1 — 1'5 mg. of free purine nitrogen. g. g 2 

Colorimetric Estimation of Adrenaline. Wilisuk L. Scotilu 
(J. Ind. Eng. Chem., 1920, 12, 769 — 771). — A mixture of 20 co 
of water, 5 o.o. of 1% potassium iodate solution, and 0'26 c.e, d 
A/ 1-hydrochloric acid is heated at 38*^, and 0’5 o.c. of a O'l^ 
solution of the sample is added. A similar mixture is prepared 
but using 0 5 c.c. of pure adrenaline solution. Both mixtures an 
kept at 38° for fifteen minutes, then cooled, and the coloration 
compared. If the coloration of the test solution differs by mot 
than 25% from that of the standard, the estimation should b 
repeated, using mrfre or less of the solution. The pure adrenalin 
solution is prepared by dissolving 0-5 gram of the substance ii 
0'6 0 . 0 . of N 1 1-hydrochlorio acid aud diluting the solution t 
50 C.C, ; if the solution to be examined contains sodium hydrous 
sulphite, O'Oo gram of the latter should be added to the standar 
solution. W. P. S, 


Important Source of Error in the Examination of Utu 
for Albumin with Sulphosalicylio Acid. Gbete Lasoh an 
Josef Reitstoetter {Munch, med. Woch., 1920, 67, 484—485 
from Chem. Zentr., 1920, iv, 30). — Schall’s assumption (this vol 
ii, 398) that sulphosalicylio acid forms a precipitate with calciui 
chloride which can be mistaken for a precipitation of albumin 
untenable. H. W. 


Detection of Slight Traces of Heemoglobin i; 

J. PiTiCAKiu {Compt. rend. Soc. Biol., 1920, 83, 605- /o-gij. 
Chem. Zenlr., 1920, iv, 31). — Spectroscopic^ /g.jjjY. 'ijjjij; ' 

fectly fresh urines which contain traces o'. ^ Jin /j-otv. 
which Ehrlich's reagent (dimethylamii *,* ’ ^ ,, 

chloric acid) has been added, shows the c. 

bands of oxyhsemoglobin at dilutions at \ , 

, , 1 , ■' ® .ean) examined eoi' 

not the case. , , „ ■ 

.'tiflant in moll 

[Quantitative Comparison of Vitsunmi. . -ui. WAin 
H. Eddy and Helen C. Stevenon (/. Biol. Chem., 1920, 4> 
295 — 309). — The methods propos'd by Bachmann (A., 1919, i, 61 - 
and by Williams (A., 1919, i, 46) have been used for quantitati' 
studies on the vitamine-R. .A new technique is desonbed whw 
eliminates some of the difficuties in the manipulation of thd 
two tests. It is shown tbu this method may be utilised 
estimating the vitamine covent of food. J- ^ 




